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ABSTRACT

Background

In response to the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the impact of coronavirus disease 2019
(COVID-19), governments have implemented a variety of measures to control the spread of the virus and the associated disease. Among
these, have been measures to control the pandemic in primary and secondary school settings.

Objectives

To assess the effectiveness of measures implemented in the school setting to safely reopen schools, or keep schools open, or both, during
the COVID-19 pandemic, with particular focus on the different types of measures implemented in school settings and the outcomes used
to measure their impacts on transmission-related outcomes, healthcare utilisation outcomes, other health outcomes as well as societal,
economic, and ecological outcomes.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase, and the Educational Resources Information
Center, as well as COVID-19-specific databases, including the Cochrane COVID-19 Study Register and the WHO COVID-19 Global literature
on coronavirus disease (indexing preprints) on 9 December 2020. We conducted backward-citation searches with existing reviews.

Selection criteria

We considered experimental (i.e. randomised controlled trials; RCTs), quasi-experimental, observational and modelling studies assessing
the effects of measures implemented in the school setting to safely reopen schools, or keep schools open, or both, during the COVID-19
pandemic. Outcome categories were (i) transmission-related outcomes (e.g. number or proportion of cases); (ii) healthcare utilisation
outcomes (e.g. number or proportion of hospitalisations); (iii) other health outcomes (e.g. physical, social and mental health); and (iv)
societal, economic and ecological outcomes (e.g. costs, human resources and education). We considered studies that included any
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population at risk of becoming infected with SARS-CoV-2 and/or developing COVID-19 disease including students, teachers, other school
staff, or members of the wider community.

Data collection and analysis

Two review authors independently screened titles, abstracts and full texts. One review author extracted data and critically appraised each
study. One additional review author validated the extracted data. To critically appraise included studies, we used the ROBINS-I tool for
quasi-experimental and observational studies, the QUADAS-2 tool for observational screening studies, and a bespoke tool for modelling
studies. We synthesised findings narratively. Three review authors made an initial assessment of the certainty of evidence with GRADE,
and several review authors discussed and agreed on the ratings.

Main results

We included 38 unique studies in the analysis, comprising 33 modelling studies, three observational studies, one quasi-experimental and
one experimental study with modelling components.

Measures fell into four broad categories: (i) measures reducing the opportunity for contacts; (ii) measures making contacts safer; (iii)
surveillance and response measures; and (iv) multicomponent measures. As comparators, we encountered the operation of schools with
no measures in place, less intense measures in place, single versus multicomponent measures in place, or closure of schools.

Across all intervention categories and all study designs, very low- to low-certainty evidence ratings limit our confidence in the findings.
Concerns with the quality of modelling studies related to potentially inappropriate assumptions about the model structure and input
parameters, and an inadequate assessment of model uncertainty. Concerns with risk of bias in observational studies related to deviations
from intended interventions or missing data. Across all categories, few studies reported on implementation or described how measures
were implemented. Where we describe effects as 'positive’, the direction of the point estimate of the effect favours the intervention(s);
'negative' effects do not favour the intervention.

We found 23 modelling studies assessing measures reducing the opportunity for contacts (i.e. alternating attendance, reduced class
size). Most of these studies assessed transmission and healthcare utilisation outcomes, and all of these studies showed a reduction
in transmission (e.g. a reduction in the number or proportion of cases, reproduction number) and healthcare utilisation (i.e. fewer
hospitalisations) and mixed or negative effects on societal, economic and ecological outcomes (i.e. fewer number of days spent in school).

We identified 11 modelling studies and two observational studies assessing measures making contacts safer (i.e. mask wearing, cleaning,
handwashing, ventilation). Five studies assessed the impact of combined measures to make contacts safer. They assessed transmission-
related, healthcare utilisation, other health, and societal, economic and ecological outcomes. Most of these studies showed a reduction
in transmission, and a reduction in hospitalisations; however, studies showed mixed or negative effects on societal, economic and
ecological outcomes (i.e. fewer number of days spent in school).

We identified 13 modelling studies and one observational study assessing surveillance and response measures, including testing and
isolation, and symptomatic screening and isolation. Twelve studies focused on mass testing and isolation measures, while two looked
specifically at symptom-based screening and isolation. Outcomes included transmission, healthcare utilisation, other health, and societal,
economic and ecological outcomes. Most of these studies showed effects in favour of the intervention in terms of reductions in transmission
and hospitalisations, however some showed mixed or negative effects on societal, economic and ecological outcomes (e.g. fewer number
of days spent in school).

We found three studies that reported outcomes relating to multicomponent measures, where it was not possible to disaggregate the effects
of each individual intervention, including one modelling, one observational and one quasi-experimental study. These studies employed
interventions, such as physical distancing, modification of school activities, testing, and exemption of high-risk students, using measures
such as hand hygiene and mask wearing. Most of these studies showed a reduction in transmission, however some showed mixed or no
effects.

As the majority of studies included in the review were modelling studies, there was a lack of empirical, real-world data, which meant that
there were very little data on the actual implementation of interventions.

Authors' conclusions

Our review suggests that a broad range of measures implemented in the school setting can have positive impacts on the transmission
of SARS-CoV-2, and on healthcare utilisation outcomes related to COVID-19. The certainty of the evidence for most intervention-outcome
combinations is very low, and the true effects of these measures are likely to be substantially different from those reported here. Measures
implemented in the school setting may limit the number or proportion of cases and deaths, and may delay the progression of the pandemic.
However, they may also lead to negative unintended consequences, such as fewer days spent in school (beyond those intended by the
intervention). Further, most studies assessed the effects of a combination of interventions, which could not be disentangled to estimate
their specific effects. Studies assessing measures to reduce contacts and to make contacts safer consistently predicted positive effects on
transmission and healthcare utilisation, but may reduce the number of days students spent at school. Studies assessing surveillance and
response measures predicted reductions in hospitalisations and school days missed due to infection or quarantine, however, there was
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mixed evidence on resources needed for surveillance. Evidence on multicomponent measures was mixed, mostly due to comparators. The
magnitude of effects depends on multiple factors. New studies published since the original search date might heavily influence the overall
conclusions and interpretation of findings for this review.

PLAIN LANGUAGE SUMMARY

Measures implemented in the school setting to contain the COVID-19 pandemic
What was studied in the review?

In order to reduce the spread of the virus that causes COVID-19, many governments and societies put mitigation measures in place in
schools. However, we do not know whether these measures work with regards to reducing the spread of the virus, or how these measures
affect other aspects of life, such as education, the economy or society as a whole.

What are measures implemented in the school setting?
Measures in the school setting can be grouped into the following four broad categories.

1. Measures reducing the opportunity for contacts: by reducing the number of studentsin a class or a school, opening certain school types
only (for example primary schools) or by creating a schedule by which students attend school on different days or in different weeks, the
face-to-face contact between students can be reduced.

2. Measures making contacts safer: by putting measures in place such as face masks, improving ventilation by opening windows or using
air purifiers, cleaning, handwashing, or modifying activities like sports or music, contacts can be made safer.

3. Surveillance and response measures: screening for symptoms or testing sick or potentially sick students, or teachers, or both, and
putting them into isolation (for sick people) or quarantine (for potentially sick people).

4. Multicomponent measures: measures from categories 1, 2 and 3 are combined.
What is the aim of the review?

We aimed to find out which measures implemented in the school setting allow schools to safely reopen, stay open, or both, during the
COVID-19 pandemic.

What did we do?

We searched for studies that looked at the impact of these types of measures in the school setting on the spread of the virus that causes
COVID-19, the impact on the healthcare system (i.e. how many hospital beds are needed), as well as important social aspects (i.e. how
often students attended school). The studies could focus on students, teachers and other school staff, as well as on families and the whole
community. They could use real-life data (observational studies) or data from computer-generated simulations (modelling studies).

What are the main results of the review?

We found 38 relevant studies. Most of these were modelling studies (33 studies). Five studies used real-world data. Twenty studies were
conducted in North or South America, 16 in Europe and two in China.

Below we summarise the main findings by category.
1. Measures reducing the opportunity for contacts

We found 23 modelling studies assessing measures to reduce the opportunity for contacts. All studies showed reductions in the spread of
the virus that causes COVID-19 and the use of the healthcare system. Some studies also showed a reduction in the number of days spent
in school due to the intervention.

2. Measures making contacts safer

We found 11 modelling studies and two real-world studies looking at measures, such as mask wearing in schools, cleaning, handwashing,
and ventilation. Five of these studies combined multiple measures, which means we cannot see which specific measures worked and
which did not. Most studies showed reductions in the spread of the virus that causes COVID-19; some studies, however, showed mixed or
no effects.

3. Surveillance and response measures

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 3
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We found 13 modelling studies and one real-world study assessing surveillance and response measures. Twelve studies focused on mass
testing and isolation measures, while two looked specifically at symptom-based screening and isolation. Most studies showed results in
favour of the intervention, however some showed mixed or no effects.

4. Multicomponent measures

We found three studies that looked at multicomponent interventions, where it was not possible to determine the effect of each individual
intervention. These included one modelling study and two real-world studies. These studies assessed physical distancing, modification
of activities, cancellation of sports or music classes, testing, exemption of high-risk students, handwashing, and face masks. Most studies
showed reduced transmission of the virus that causes COVID-19, however some showed mixed or no effects.

How confident are we in the findings of this review?

Our confidence in these results is limited. Most studies used models, that is, they estimated the effects of the interventions rather than
observing outcomes. As the models are built on assumptions about how the virus spreads and how people behave, we lack real-world
evidence. Many studies were published as 'preprints' without undergoing rigorous checks of published studies, which further limits our
confidence. Also, the studies were very different from each other (for example, with regards to the levels of transmission in the community).

What are the key messages?

Reopening schools or keeping schools open while having a broad range of measures in place can reduce transmission of the virus that
causes COVID-19. Such measures can also reduce the number of people who will need to go to hospital due to developing COVID-19. We still
know very little about other consequences of these measures, such as those linked to education, resources, and physical or mental health,
as this knowledge is mostly based on studies modelling the real world. More studies set in the real world using real-world data are needed.

How up to date is this evidence?

The evidence is up-to-date to December 2020.

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 4
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings: measures reducing the opportunity for contacts

Reducing opportunity for contacts: reducing the number of students and contacts*

Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

13 modelling stud-
ies (Baxter 2020;
Bershteyn 2020;
Burns A 2020; Di
Domenico 2020a;
Germann 2020;

Gill 2020; Head
2020; Jones 2020;
Kaiser 2020; Keeling
2020; Mauras 2020;
Panovska-Grif-
fiths 2020a; Shelley
2020)

All studies except for one predicted that reducing the number
of students and thus reducing the number of contacts between
students led to a reduction in the number or proportion of cas-
es. One study predicted mixed effects (Shelley 2020). The vari-
ation in the magnitude of effect might be explained by the lev-
el of community transmission, susceptibility of individuals to a
SARS-CoV-2 infection as well as implementation of communi-
ty-based interventions.

Very lowa.¢.d.f @000

Risk of infection

2 modelling stud-
ies (Cohen 2020; Es-
pafia 2020)

Both studies predicted that reducing the number of students
and thus reducing the number of contacts between students
led to a reduction in the risk of infection. In one study, relative
to a scenario with operating schools at full capacity and with-
out face masks, a reduction in students led to a proportional re-
duction in the risk of infection (Espafia 2020). In another study,
reducing the number of students to 50% by introducing alter-
nating attendance schedules led to a predicted risk of infection
in students between 0.2% to 3.1% and 0.4% to 4.3% in teach-
ers and staff (Cohen 2020). One study predicted that the low-
est risk of infection can be achieved by limiting attendance to
primary school students and reducing their cohort size by 50%
(risk of infection in teachers: 0.2% to 0.7%j; risk of infection in
students: 0.1% to 1.0%) (Cohen 2020). The variation in the mag-
nitude of effect might be explained by varying levels of suscep-
tibility of individuals to a SARS-CoV-2 infection, age of the stu-
dents targeted by the intervention as well as the level of com-
munity transmission.

Very lowb:¢.f @000

Reproduction num-
ber

6 modelling stud-
ies (Cohen 2020;
Keeling 2020; Lan-
deros 2020; Lee
2020; Phillips 2020;
Zhang 2020)

All but one study predicted that reducing the number of stu-
dents and thus reducing the number of contacts between stu-
dents led to a reduction in the reproduction number. One study
predicted no consistent trend across different scenarios of al-
ternating schedules and reduction of students (Cohen 2020).
The variation in the magnitude of effect might be explained by
the level of community transmission as well as the age of stu-
dents targeted by the intervention.

Very lowb:¢.d.f @000

Number or propor-
tion of deaths

5 modelling studies
(Baxter 2020; Ger-
mann 2020; Head
2020; Keeling 2020;
Panovska-Griffiths
2020a)

All studies predicted that reducing the number of students and
thus reducing the number of contacts between students led to
areduction in the number or proportion of deaths when com-
pared to schools operating without measures in place. In all
populations (general population; teachers and staff; students),
the number of deaths was reduced by reducing the number

of students. The variation in the magnitude of effect might be

Very lowb.¢.f @coo

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
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explained by the level of community transmission, age of stu-
dents, susceptibility of children to a SARS-CoV-2 infection as
well as implementation of community-based interventions.

Risk of death 1 modelling study One study predicted that reducing the number of studentsand  Very lowb:¢.efgo00
(Espafia 2020) thus reducing the number of contacts between students led

to a reduction in the risk of death in various populations (stu-

dents, teachers, general population) when compared to oper-

ating schools without any measures. If only 50% of all students

attend school, the risk of death can be reduced to 3.0% (95%

Cl 3.0% to 3.0%) in teachers, in family members to 0.4% (95%

C1 0.4% to 0.5%) and in the general population to 4.0% (95%

Cl4.0% to 5.0%) if countermeasures such as face masks are in

place.
Shift in pandemic 5 modelling stud- All studies predicted that reducing the number of studentsand  Very lowb.¢.f @000
development ies (Alvarez 2020; thus reducing the number of contacts between students led to

Germann 2020; Lan-  a positive shift in the pandemic development when compared

deros 2020; Mauras  to schools operating without measures in place. In all studies,

2020; Phillips 2020)  the reduction in the number of students was predicted to slow
the pandemic development, reduce the length of an outbreak
or time until the maximum intensive care bed capacity would
be achieved. The variation in the magnitude of effect might be
explained by the implementation of community-based inter-

ventions.
Number or pro- 1 modelling study One study predicted that reducing the number of studentsand  Very lowb.¢.e.f@o00
portion of infected (Aspinall 2020) thus reducing the number of contacts between students led
schools to a reduction in the number of schools with at least one in-

fected individual when compared to operating schools with-
out any measures. With all students attending, the proportion
and number of schools with at least one infected individual on
the premises ranged between 4% and 20% (661 to 3310 primary
schools); if only a third of all primary school students attending,
the risk could be reduced to 1% and 5.5% of primary schools
(178 to 924 schools). The variation in the magnitude of effect
might be explained by the level of community transmission.

Risk of transmission 1 modelling study One study predicted that reducing the number of studentsand  Very lowb.¢.e.f @000
to other schools (Munday 2020) thus reducing the number of contacts between students led to

a reduction in the risk of transmission to another school when

compared to operating schools without measures in place.

While the risk ranged between 0.42% and 3.6% for 100% at-

tendance, it was the lowest if only certain grades of primary

school attended school, with the risk ranging between 0.01%

and 0.09%. The variation in the magnitude of effect might be

explained by the level of community transmission.

Outcome category: healthcare utilisation

Number or propor- 2 modelling stud- Both studies predicted that reducing the number of students Very lowb,c.f @oc00
tion of hospitalisa- ies (Germann 2020;  and thus reducing the number of contacts between students
tions Head 2020) led to a reduction in the number or proportion of hospitalisa-

tions when compared to operating school without any mea-
sures. The variation in the effect might be explained by the lev-
el of community transmission, susceptibility of individuals to a
SARS-CoV-2 infection as well as implementation of communi-
ty-based interventions.

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 6
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Number or propor- 3 modelling stud- All studies predicted that reducing the number of studentsand  Very lowb..f @000
tion of cases requir-  ies (Alvarez2020; Di  thus reducing the number of contacts between students led to
ing intensive care Domenico 2020a; a reduction in the number or proportion of cases requiring in-

Keeling 2020) tensive care when compared to operating school without any

measures. The variation in effect might be explained by the lev-
el of community transmission, age of students, susceptibility of
individuals to a SARS-CoV-2 infection as well as implementation
of community-based interventions.

Outcome category: societal, economic andecological outcomes

Number of days 3 modelling stud- Three studies assessed the number of days spent in school. Of Very lowb:¢.d:f @000
spentin school ies (Cohen 2020; Gill  these, two studies predicted that reducing the number of stu-
2020; Phillips 2020)  dents and thus reducing the number of contacts between stu-

dents led by design to a reduction in the number of planned
days spent in school (60% to 83% of all school days to be spent
at home as shown by one study) when compared to operating
schools without measures in place. In one study, the number of
days lost to classroom closures varies between 76.0 + 59.5 SD
for a ratio of students to teacher of 8:1 and 1157.7 + 684.3 SD for
aratio of 30:1. The variation in the magnitude of effect might be
explained by the level of community transmission.

Reducing opportunity for contacts: reducing contacts*

Outcome Number of studies = Summary of findings Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor- 3 modelling stud- All studies predicted that reducing the number of contacts be- Very lowb.¢.f @000
tion of cases ies (Cohen 2020; Gill  tween students led to a reduction in the number or proportion
2020; Head 2020) of cases. One study reported a reduction in the cumulative in-

fection rate from between 6.4% and 17.2% for students and be-
tween 9.5% and 24.6% for teachers and school staff, depending
on the level of community transmission (Cohen 2020). The vari-
ation in the magnitude of effect might be explained by the level
of community transmission and susceptibility of individuals to
a SARS-CoV-2 infection.

Reproduction num- 3 modelling stud- Two studies predicted that compared to operating schools Very lowb.o.f @000
ber ies (Cohen 2020; without reducing the number of contacts, a reduction in the

Phillips 2020; Rozh-  number of contacts between students led to a reduction in the

nova 2020) reproduction number. One study graphically predicted that re-

ducing the number of contacts while maintaining the number
of students at 100% did not have a large impact on the reduc-
tion in the reproduction number (Phillips 2020). The variation in
the magnitude of effect might be explained by the susceptibili-
ty of individuals to a SARS-CoV-2 infection.

Shift in pandemic 2 modelling stud- One study predicted that reducing the number of contacts be- Very lowb.¢,d.f gooo
development ies (Landeros 2020;  tween students led to a positive shift in the pandemic develop-
Phillips 2020) ment (Landeros 2020). Implementing an alternating attendance

schedule by creating rotating cohorts with a weekly rotating
schedule extends the period of instruction from 10 to 12 weeks
to 18 to 22 weeks until reaching the stopping rule on cumu-
lative prevalence of 5%. With regards to the length of an out-
break, one study predicts that an alternating attendance sched-
ule, while maintaining the number of students, performs slight-
ly better with regards to mean and median outbreak lengths

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 7
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than a non-alternating attendance schedule (Phillips 2020), but
probably not in a significant way (results presented graphical-

ly).
Outcome category: healthcare utilisation
Number or propor- 2 modelling stud- Two studies predicted that reducing the number of contacts Very lowb,c.d,f o000
tion of hospitalisa- ies (Germann 2020;  between students led to a reduction in the number and propor-
tions Head 2020) tion of individuals requiring hospitalisation. The variation in the

magnitude of effect might be explained by the susceptibility of
individuals to a SARS-CoV-2 infection, co-interventions, the lev-
el of community transmission, as well as the age of students.

Outcome category: societal, economic and ecological outcomes

Number of days 3 modelling stud- Two studies predicted that reducing the number of contacts by Very lowb.¢.d:f goco
spentin school ies (Cohen 2020; Gill  implementing an alternating attendance schedule or enforcing
2020; Phillips 2020)  that students remain within their classroom led to more days
spent in school than when the number of contacts are not re-
duced (Gill 2020; Phillips 2020). One study predicted no effect:
reducing the number of contacts between cohorts alongside
other countermeasures (non-pharmaceutical interventions;
screening) predictably leads to an equal percentage of school
days spent at home as if no measures would be in place (~5% to
10%) (Cohen 2020).

Cl: confidence interval; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviation.

*We differentiate between measures reducing the number of students and contacts (i.e. reducing the number of students on school premises
automatically reduces the number of contacts with or without additional contact-reducing measures being implemented) and measures
reducing contacts (i.e. contacts between students as well as between students and school staff can also be reduced through forming cohorts
with all students present on school premises).

aDowngraded -2 for risk of bias due to major concerns about the structural assumptions and input parameters in the majority of studies
contributing to the outcome.

bDowngraded -1 for risk of bias due to moderate or major concerns about the structural assumptions and input parameters.
¢Downgraded -1 for indirectness due to moderate or major concerns about the external validation of the model.

dDowngraded -1 for inconsistency due to mixed or inconsistent effects in the studies contributing to the outcome.

eDowngraded -1 for imprecision due to only one study contributing to the outcome.

fDowngraded -1 for imprecision due to moderate or major concerns about the assessment of uncertainty in the studies in the majority of
studies contributing to the outcome.

Summary of findings 2. Summary of findings: measures making contacts safer

Intervention subcategory: making contacts safer - face masks

Outcome Number of studies = Summary of findings Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor- 3 modelling stud- Three studies look at masks among other measures implement-  Very lowb.¢.f @coo
tion of cases ies (Espafia 2020; ed in the school setting, and reduction in the cases avoided

Head 2020; Panovs-  due to the intervention, reporting on outcomes such as (cumu-

ka-Griffiths 2020b) lative) number of cases or attack rates. In the studies that al-

low for drawing conclusions with regard to the effect of masks,
wearing masks reduced the number of cases. Studies found
that full school reopening with high-face-mask adherence/a
mandatory mask policy, significantly reduced the increase in
community infections due to school reopening (3 times the

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 8
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number of infections), compared to scenarios with low mask
adherence/no mandatory policy (Espafia 2020; Panovska-Grif-
fiths 2020b). This included a reduction from 81.7 times to 3.0
times the number of infections in the community (Espaiia
2020), and a reduction from 57% to 46% of those with sympto-
matic infections needing to be tested in the community under
30% effective coverage of masks (Panovska-Griffiths 2020b).

A further study found a reduction in the excess proportion of
infections in the school setting at a moderate level of commu-
nity transmission with mandatory masks among teachers and
staff (1.73, 95% Cl 2.32 to 6.29), as well as students (2.51, 95% ClI
0.05 to 6.95), compared to reopening with no countermeasures
(teachers and staff: 14.83, 95% CI 0.93 to 29.25), students: 14.18,
95% Cl 1.63 to0 26.77) (Head 2020). Insight from individual stud-
ies shows factors which may impact upon the magnitude of ef-
fect, such as the initial level of COVID-19 incidence, as well as
the assumed compliance with wearing masks.

Reproduction num- 1 modelling study One study showed the positive effect of a mask policy onthere-  Very lowa:¢.¢ @000
ber (Sruthi 2020) production number. The study showed that wearing masks in

secondary schools in Switzerland led to an estimated reduction

in the general population of R by 0.011 (95% CI 0.008 to 0.0127).

However, there is no consideration of compliance in the model.

Number or propor- 2 modelling studies  Two studies examined impact of a mask policy on the number Very lowb.c.f @000
tion of deaths (Espafia 2020; Head  or proportion of deaths as an outcome, finding positive result-
2020) s. Head 2020 found a lower proportion of excess deaths experi-

enced by students (0 (95% CI 0 to 0)) and school staff and teach-
ers (0.44 (95% Cl 0 to 0.44)) if schools reopened with mandato-
ry mask wearing, compared to school reopening with no coun-
termeasures (students: 0.01 (95% CI 0 to 0.01); school staff and
teachers: 2.97 (95% CI 0 to 47.17)). These findings assumed
moderate community transmission. Espafia 2020 focused on
the general population, finding that, under a scenario with high
capacity and high face-mask adherence, there would be a de-
crease in the ratio of the cumulative number of deaths in the
overall population of 1.5 (95% Cl 1.5 to 1.6).

Outcome category: healthcare utilisation

Number or propor- 1 modelling study One study looked at the impact of a mask policy on the num- Very lowb,¢.e 000
tion of hospitalisa- (Head 2020) ber or proportion of hospitalisations and found positive re-
tions sults. The study demonstrated that mandatory mask wearing

in schools when reopening would lead to reduced hospitali-
sations among students, staff, household members and com-
munity members compared to reopening with no measures

in place. The study predicts that mandatory mask wearing in
schools when reopening all schools would lead to reduced hos-
pitalisations among students, staff, household members and
community members. For teachers/staff, the excess rate of
hospitalisations per 10,000 of the subpopulation would be re-
duced to 4.2 (95% Cl -47.39 to 48.09) from 40.5 (95% CI -46.95 to
146.64). For students this decreases to 0.07 (95% CI1 0.00 to 0.01)
from 0.08 (95% CI 0.00 to 0.08). The size of this effect is moder-
ated by level of community transmission, type of school and
whether children are considered half or equally susceptible as
adults. In general, higher transmission, high schools, and in-
creased relative susceptibility of children lead to a higher num-
ber of cumulative infections across scenarios.

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 9
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Intervention subcategory: making contacts safer - cleaning

Outcome Number of studies = Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Reproduction num- 1 modelling study One study assessed the impact of an enhanced cleaning policy

ber (Kraay 2020) on the reproductive number and showed positive results. The
study found that compared to eight-hourly and four-hourly sur-
face cleaning and disinfection, hourly cleaning and disinfection
alone could bring the fomite R below 1 in some office settings,
particularly combined with reduced shedding, but would be in-
adequate in schools. This study did not take into account direct
transmission through droplet spray, aerosols and hand-to-hand
contact.

Very lowb:¢.e @000

Intervention subcategory: making contacts safer - handwashing

Outcome Number of studies = Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

1 modelling study One study assessed the impact of handwashing on the repro-
) (Kraay 2020) duction number and suggested no impact. While results are on-
Reproduction num- ly presented in a graphical way, it predicted that handwashing
ber (hourly with 100% effectiveness) compared to no handwashing

did not make a difference with regards to the projected repro-
duction number from fomite transmission.

Very lowb:¢.e @000

Outcome category: other health outcomes

Physical health 1 observational/ex-  One study found that 6.5% (2000 of 30,907; 95% Cl 6.2 to 6.8) of
perimental study children had hand eczema prior to school closures, 14.1% (4363
(Simonsen 2020) of 30,907; 95% Cl 13.7 to 14.5) of students had hand eczema be-

fore reopening of schools on 15 April 2020. This prevalence in-
creased to 50.5% (15,595 of 30,907; 95% Cl 49.9 to 51.0) after
the children returned to school and the strict hand hygiene reg-
imen (handwashing for 45 to 60 seconds every 2 hours; after ar-
rival, before and after meals, after toilet visits, after coughing or
sneezing or whenever hands were visibly dirty) was implement-
ed, which was a statistically significant increase of 36.3% (P <
0001).

Lowe &p00

Intervention subcategory: making contacts safer - modification of activities

Outcome Number of studies = Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Reproduction num- 1 modelling study One study assessed the impact of changing the length of the

ber (Lazebnik 2020) school day and found that keeping schools open with longer
school hours (8 to 9 hours) each day would reduce R by 0.83
compared to a policy in which children go to school every other
day for five hours.

Very lowa,¢.€ @000

Intervention subcategory: making contacts safer - ventilation

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
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Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Concentration of
aerosol particles
containing RNA
virus in the room
and inhaled dose of
RNA virus for a sus-
ceptible person

1 modelling study
(Curtius 2020)

One study assessed the effect of four air purifiers equipped with
HEPA filters in a high school classroom in Germany with an in-
fected person in the room with regards to the inhaled dose of
particles containing RNA virus. This dose is reduced by a factor
of six. The density of people in the room can be considered an
effect modifier.

Very lowa,6.€ 000

Intervention subcategory: making contacts safer - combined measures to make contacts safer

Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

4 modelling stud-
ies (Cohen 2020;
Germann 2020; Gill
2020; Monod 2020)

All studies looked at the impact of combined measures to make
contacts safer on the number or proportion of cases and found
positive results overall. Those which reported on community
level transmission found a reduction in total number of infec-
tions, although specific figures were not reported (Gill 2020),
and reduction in the number of cases from 59.7 million when
schools reopened with no countermeasures to 2.3 million and
2.0 million in 40% partial online learning scenarios, with 'ide-

al social distancing' (assumed 50% reduction in contacts due
to face masks, hygiene, and distancing measures) (Germann
2020). Those which reported on school level outcomes found
that implementing a variety of infection control measures led
to a reduction in the cumulative COVID-19 infection rate among
students, teachers, and staff over four-fold (Cohen 2020), and
areduction in total number of infections, although specific fig-
ures were not reported (Gill 2020).

Very lowb:¢.f @000

Reproduction num-
ber

2 modelling stud-
ies (Cohen 2020;
Phillips 2020)

Two studies examined effective reproduction number as an
outcome, with both studies finding a positive effect. Both stud-
ies presented results graphically, making it difficult to deter-
mine effect sizes. One study showed that all modelled scenar-
ios with combined measures to make contacts safer would re-
duce the effective reproduction number to < 1, compared with
full school reopening with full attendance and no measures in
place (Cohen 2020). The other study compared high with low-
transmission settings in primary schools and suggested that
the effective reproduction number is consistently lower in a
low-transmission setting (Phillips 2020).

Very lowa,5.f gooo

Number or propor-
tion of deaths

2 modelling stud-
ies (Germann 2020;
Monod 2020)

Two modelling studies assessed combined measures to make
contacts safer on the number or proportion of deaths as an out-
come, finding mixed results, one positive (Germann 2020), and
one unclear result (Monod 2020). One study found that when
fewer workplaces were open, all four 40% partial online learn-
ing scenarios, with alternating days or weeks of attendance
were found to reduce deaths. Although a larger decrease to
25,474 and 27,874 was observed in scenarios where a 50% re-
duction in contacts due to mask wearing or reduced social dis-
tancing with minimal mask use was assumed within the mod-
el, compared to 230,451 deaths during full school reopening

Very lowb.¢.f @coo

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
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with no countermeasures (Germann 2020). However, the oth-
er study estimated a 12.6% (95% Cl 7.4% to 22.7%) increase

in deaths among children and the general population as a re-
sult of schools reopening with countermeasures, compared to
keeping schools closed (Monod 2020).

Shift in pandemic 1 modelling study One study assessing combined measures to make contacts Very lowb.c.e.f gooo
development (Germann 2020) safer compared high with low-transmission settings in prima-

ry schools. With results presented in a graphical way, they im-

plied that the mean duration of the outbreak is shorter in low-

transmission than high-transmission settings in all student to

teacher ratios except for the 30:1 ratio.

Outcome category: healthcare utilisation

Number or propor- 1 modelling study One study looked at the impact of combined measures to make  Very lowb.¢.¢ @000
tion of hospitalisa- (Germann 2020) contacts safer on the number or proportion of hospitalisations,
tions and found that when fewer workplaces were open, all partial

online learning scenarios, with ideal social distancing (defined
as a 50% reduction in contacts due to physical distancing, hy-
giene and masks), were found to avert between 543,977 and
1,708,197 hospitalisations. Moreover, for these scenarios, hos-
pitalised cases during the peak four weeks ranged from 59,056
to 354,878, compared to a baseline scenario of 685,747 with
schools reopening with full attendance and no measures in
place.

Outcome category: societal, economic and ecological outcomes

Number of days 2 modelling studies  Two studies examined the outcome of number of days spent Very lowa,c 000
spentin school (Gill 2020; Phillips in school. One study found that at very low community infec-
2020) tion rates (10 reported infections per 100,000 population over

the last seven days), most students can expect to attend near-
ly every day even in schools operating full-time, as long as
schools implement multiple interventions. It is not possible to
determine effect size due to lack of reporting (Gill 2020). The
other study compared high with low transmission settings in
primary schools. Except for a ratio of 30:1, the number of stu-
dent days lost to closure was consistently higher in low trans-
mission settings. The predicted number of student days lost
was 76.0 + 59.5 for a ratio of 8:1,270.2 + 195.6 for a ratio of 15:1
and 1157.7 + 684.3 for a ratio of 30:1 in a low transmission set-
ting while it was 111.2 +72.8; 389.9 + 202.0 and 1093.9 + 396.1
for a high transmission setting (Phillips 2020).

Cl: confidence interval.

aDowngraded -2 for risk of bias due to major concerns about the structural assumptions and input parameters in the majority of studies
contributing to the outcome.

bDowngraded -1 for risk of bias due to moderate or major concerns about the structural assumptions and input parameters.
¢Downgraded -1 for indirectness due to moderate or major concerns about the external validation of the model.
dDowngraded -1 for inconsistency due to mixed or inconsistent effects in the studies contributing to the outcome.
eDowngraded -1 for imprecision due to only one study contributing to the outcome.

fDowngraded -1 for imprecision due to moderate or major concerns about the assessment of uncertainty in the studies in the majority of
studies contributing to the outcome.

Summary of findings 3. Summary of findings: surveillance and response measures

Intervention subcategory: surveillance and response measures - mass testing and isolation

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 12
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Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

7 modelling stud-
ies (Cohen 2020; Di
Domenico 2020a;
Head 2020; Lyng
2020; Panovs-
ka-Griffiths 2020a;
Tupper 2020;
Williams 2020)

The seven studies that looked at the impact of mass testing
and isolation interventions on the number or proportion of cas-
es all found positive results. Cohen 2020 found that measures
that limit transmission and detect, trace, and quarantine cases
within schools could lead to reductions in the cumulative COV-
ID-19 infection rate among students, teachers, and staff by over
14-fold. However, these measures were implemented along-
side classroom cohorting, face masks, physical distancing, and
handwashing protocols in schools, so it is not possible to com-
ment on the impact of these measures alone. Head 2020 sug-
gested that although testing and isolation strategies could lead
to reductions in transmission, their effectiveness on their own
was low, and when combined with strict social-distancing mea-
sures, and a reduction in community transmission, they could
be more effective.

Very lowb.¢.f @oco

Number of cases
detected

1 observational/ex-
perimental study
(Hoehl 2020)

One observational study looked at the impact of mass testing
strategies on the number of cases detected due to the interven-
tion. The main goal of the study was to evaluate the practical
application of a self-performed, high-frequency antigen test in
a school setting and 10,768 of these tests (99.37%) were record-
ed to have been valid and 113 negative, 47 (0.43%) were record-
ed as invalid and 21 (0.19%) as positive (either true or false).
The study found that 0.15% of all antigen tests (16 tests) gave
false-positive results.

Very lowa,6.€ @000

Reproduction num-
ber

1 modelling study
(Panovska-Griffiths
2020a)

One study looked at two different testing strategies and found
that test-trace-isolate strategies would need to test a suffi-
ciently large proportion of the population with COVID-19 symp-
tomatic infection and trace their contacts with sufficiently large
coverage, for R to diminish below 1.

Very lowa,%,€ @000

Number or propor-
tion of deaths

2 modelling stud-
ies (Head 2020;
Panovska-Griffiths
2020a)

Two studies assessed the impact of testing and isolation strate-
gies on the number and proportion of deaths. They showed
positive results overall. One study only showed results in a
graphical way and suggested that more intense testing and iso-
lation measures would lead to fewer deaths than less intense
measures (Panovska-Griffiths 2020a). The other study found
that, under a testing strategy, the excess proportion of deaths
in teachers would be 8.12 (95% CI 0.00 to 47.85), compared to

0 for students and 0.5 (95% CI -2.72 to 3.68) in the community
(Head 2020). The effect sizes are moderated by the model para-
meters such as relative susceptibility and infectiousness of chil-
dren, and extent of community transmission amid reopening.
The effect sizes are moderated by the model parameters, such
as relative susceptibility and infectiousness of children, and ex-
tent of community transmission amid reopening.

Very lowb:¢.f @000

Shift in pandemic
development

4 modelling stud-
ies (Landeros 2020;
Panovska-Griffiths
2020a; Panovs-
ka-Griffiths 2020b;
Williams 2020)

The four studies that assessed the impact of mass testing and
isolation strategies on the timing and progression of the epi-
demic found that testing and isolation could slow or prevent a
second wave of the epidemic. The studies suggest that the tim-
ing of the epidemic depends on the degree to which testing and
isolation strategies are being implemented and the combina-
tion of testing and tracing.

Very lowb:¢.f @000
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Outcome category: healthcare utilisation

Number or propor-
tion of hospitalisa-
tions

1 modelling study
(Head 2020)

One study found that reopening schools with a weekly or
monthly testing strategy for teachers and students would lead
to a higher number of hospitalisations compared to reopen-
ing under strategies to reduce contacts. The excess proportion
of hospitalisations in teachers under a testing strategy would
be 162.47 (95% Cl 0.00 to 588.24), compared to students 0.58
(95% C1 0.00 to 15.27), and the community 3.68 (95% CI -7.27
to 15.54). The effect sizes are moderated by the model parame-
ters, such as relative susceptibility and infectiousness of chil-
dren, and extent of community transmission amid reopening.

Very lowa,¢.€ @000

Outcome category: societal, economic and ecological outcomes

Numbers of days
spentin school

1 modelling study
(Gill 2020)

One study found that policies that close the school when in-
fections are detected substantially reduce the total number of
days that students can attend in person. These effects are larg-
er in schools operating full-time than in schools using hybrid
approaches. In secondary schools where students are attend-
ing daily and the community infection rate is at a moderate lev-
el, closing the school for 14 days for each detected infection
would be highly disruptive. Even in the absence of a school clo-
sure policy, quarantines of the classmates and bus mates of in-
fected students are likely to reduce in-person attendance for
the typical student.

Very low3,6:€ @000

Resource costs

3 modelling studies
(Campbell 2020b;
Lyng 2020; Williams
2020)

Three studies looked at the cost of testing interventions and
showed mixed results. One study used health economic mod-
elling to look at the human resource costs of testing strategies.
The study found that testing students and employees in pri-
mary and secondary schools over 1.5 months would cost CAD
816.0 million, compared to no intervention. Another study iden-
tified one high-performing strategy of community-based test-
ing with a per person per day cost as low as USD 1.32.

Very lowb:¢.f @000

Intervention subcategory: symptom-based screening and isolation

Outcome

Number of studies

Summary of findings

Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor-
tion of cases

2 modelling stud-

ies (Bershteyn 2020;

Burns A 2020)

Two studies found that policies that screen and isolate suspect-
ed cases can, overall, decrease the attack rate. The most effec-
tive testing and isolation strategies used a combination of ear-
ly testing together with symptom screening and isolation of
symptomatic cases. These strategies were often implement-

ed alongside other transmission mitigation measures, such as
physical distancing and cohorting, so it is not possible to assess
the impact of symptom screening and quarantine measures
alone.

Very lowb.¢.f @coo

Shift in pandemic
development

1 modelling study
(Burns A 2020)

One study found that implementing a policy of two days of
home isolation following the last episode of fever, predicted
areduction in all outcome categories would reduce the peak
number of infected people from 148 (interquartile range (IQR)
82 t0213) to 124 (IQR 58 to 184)). The interval between the first
and last day with at least two cases would increase to 145 (IQR

Very lowa:6.€ 000
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127 to 157) from 139 (IQR 120 to 154). The effects varied accord-
ing to the rate of detecting fever.

CAD: Canadian Dollars; Cl: confidence interval; IQR: interquartile range; USD: US Dollars.

aDowngraded -2 for risk of bias due to major concerns about the structural assumptions and input parameters in the majority of studies
contributing to the outcome.

bDowngraded -1 for risk of bias due to moderate or major concerns about the structural assumptions and input parameters.
¢Downgraded -1 for indirectness due to moderate or major concerns about the external validation of the model.

dDowngraded -1 for inconsistency due to mixed or inconsistent effects in the studies contributing to the outcome.

eDowngraded -1 for imprecision due to only one study contributing to the outcome.

fDowngraded -1 for imprecision due to moderate or major concerns about the assessment of uncertainty in the studies in the majority of
studies contributing to the outcome.

Summary of findings 4. Summary of findings: multicomponent measures

Outcome Number of studies = Summary of findings Certainty of evi-
dence

Outcome category: transmission-related outcomes

Number or propor- 2 observational/ex-  These two studies showed mixed results on the effectiveness of  Lowa.b aw00

tion of cases perimental studies multicomponent interventions to make contacts safer on the
(Isphording 2020; number or proportion of cases. One study found that the inter-
Vlachos 2020) vention reduced cumulative infection rate by 0.55 or 27% of a

standard deviation (Isphording 2020), while the other found
that exposure to open rather than closed schools resulted in a
small to moderate increase in the number of infections among
parents and teachers, and their partners (Vlachos 2020).

Number or propor- 1 modelling study One study compared a multicomponent intervention consisting  Very low¢.d.e 0c0O
tion of cases (Naimark 2020) of: i) reducing the number of students; ii) reducing the number

of contacts; iii) universal masking; iv) alternating attendance

schedules in high schools; and v) symptom-based isolation,

to full school closures. The study found that there was an in-

crease in the predicted number of infections when reopening

with measures compared to a full school closure scenario.

aDowngraded -1 for risk of bias due to ROBINS-I rating being moderate.

bDowngraded -1 for inconsistency due to inconsistent effects in studies contributing to the outcome.
¢Downgraded -1 for risk of bias due to major concerns about the structural assumptions and input parameters.
dDowngraded -1 for inconsistency due to only one study contributing to the outcome.

eDowngraded -1 for imprecision due to only one study contributing to the outcome.
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BACKGROUND

Description of the condition and intervention

On 11 March 2020, the World Health Organization (WHO) declared
a global pandemic of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and the associated disease, COVID-19
(WHO 2020a). To contain the spread of SARS-CoV-2, national and
subnational governments have implemented a variety of measures
(Prem 2020), including many non-pharmaceutical interventions
(Smith 2020; WHO 2019).

A multitude of settings, such as workplaces, public spaces, as
well as means of transportation were affected by these non-
pharmaceutical interventions. One of the most debated settings,
however, was schools. In the context of the current pandemic, 192
countries had closed schools in order to reduce transmission of
SARS-CoV-2 by mid-April 2020, affecting more than 90% (nearly 1.6
billion) of the world’s student population (UNESCO 2021). School
closures aim to reduce contacts between students and school staff
by preventing them from being in close contact with each other,
with the goal of reducing viral transmission between and within
these groups - and with the ultimate goal of limiting levels of
community transmission. Proactive (closing schools regardless of
any identified cases) and reactive (closing schools in reaction to
an identified case) school closures have been used historically to
contain outbreaks (Chowell 2011; Isfeld-Kiely 2014). While some
studies demonstrate that closures can lead to reductions in viral
transmission (notably in relation to influenza infections), others
suggest that closures alone are not enough to prevent community
transmission, in particular in the absence of other measures (Walsh
2021). They may, however, be able to delay the peak of an epidemic
and therefore allow time to implement other interventions, such as
vaccinations (Fung 2015; Lee 2010). During the COVID-19 pandemic,
transmissions within schools as well as school clusters (i.e. one
case being responsible for a cluster of cases) have been reported in
primary and secondary schools (Otte im Kampe 2020; Stein-Zamir
2020). It has, however, been shown that the incidence in schools
was highly dependent on the level of community transmission and
that the cases associated with schools did not play a major role in
driving the pandemic (Aleta 2020; Gandini 2021; Ismail 2021).

The decision to close schools was fuelled by the uncertain
role of children in the transmission of SARS-CoV-2. It is widely
acknowledged that children of all ages are susceptible to SARS-
CoV-2 infection (Aspinall 2020; Bershteyn 2020; Dong 2020; Han
2021), but younger children appear to be less susceptible to
infection (Koh 2020; Viner 2021a). Transmission of SARS-CoV-2
by infected younger children (under approximately 12 years)
appears to be lower than transmission by adults, although robust
evidence is lacking (Viner 2021a). Adolescents, however, seem to
be comparable to adults with respect to transmission of SARS-
CoV-2 (Dattner 2020; Fontanet 2020; Park 2020). When infected,
most paediatric patients (< 18 years) with COVID-19 present
with mild symptoms (Davies 2020; Dong 2020; Han 2021; Laws
2021; Lee 2021), and have lower rates of hospitalisation, severe
hospitalisation, and death than other age groups (Castagnoli 2020;
Choi 2020; Gotzinger 2020; Zimmermann 2021). There is limited
evidence that 'long COVID', where various symptoms persist for
more than 60 days in symptomatic and even asymptomatic cases,
also affects children (Buonsenso 2021).

The evidence on the effectiveness of school closures in reducing
transmission is unclear (Bin Nafisah 2018; Rashid 2015), while
there is increasing evidence on significant negative implications
associated with school closures for children, teachers, other
school staff, parents, and for society as a whole (Christakis 2020;
Golberstein 2020; Kneale 2020; Smith 2020; UNESCO 2021; Viner
2020). Notably, school closures can have negative impacts on
educational outcomes and child development, and on the physical,
mental, and social health of children and adolescents (Golberstein
2020, UNESCO 2020a). School closures may even lead to a decrease
in gross domestic product due to the loss of economic productivity
of parents and others caring for children (Kneale 2020). As well as
havingimplications foreconomic productivity, school closures may
also have implications for community transmission, particularly
if closures are implemented before work closures, as there may
be transmission from the home to the workplace. This might be
particularly important in cases where parents work in healthcare
settings.

In light of these negative consequences, most countries have
moved beyond general school closures and instead sought ways to
safely reopen schools during the pandemic (Bonell 2020; Couzin-
Frankel 2020; Dibner 2020; WHO 2020b). In order to ensure that
schools can safely reopen, or stay open, or both, countries have
implemented a wide range of measures at the national or state
level (e.g. legislation), at the level of the school, at the level
of cohorts within the school (e.g. grades, classes, or faculty/
school staff), and at the individual level (including among high-risk
individuals). These measures include organisational interventions,
such as cohorting, staggered attendance, reduced class sizes, mask-
wearing policies, handwashing policies, and other interventions
to either reduce contacts within schools or to make these
contacts safer (Aspinall 2020; Isphording 2020; Macartney 2020;
Monod 2020). They also comprise structural interventions, such as
enhanced cleaning and ventilation practices (Curtius 2020; NCIRS
2020 ), as well as surveillance and response measures, such as
preventative testing, tracing, self-isolation rules for identified cases
and quarantine rules for suspected cases and their contacts (Di
Domenico 2020a; Head 2020).

Why it is important to do this review

Several reviews have sought to understand the role of children and
schools in the transmission of SARS-CoV-2 and their influence on
the course of the pandemic (Fadlallah 2020; NCCMT 2021; Public
Health Ontario 2020; Viner 2021a). While one review examined the
effectiveness of school closures (Walsh 2021), we are not aware
of any review that assessed the impacts of the broad range of
measures implemented in the school setting in a systematic and
comprehensive manner. Also, the reviews conducted to date have
not assessed the impacts that these measures have on outcomes
not related to SARS-CoV-2 transmission, such as transmission of
other viral respiratory diseases, other health outcomes (physical,
psychosocial), and broader societal, economic and ecological
outcomes (Viner 2021a).

In October 2020, in consultation with the World Health Organization
(WHO), the review authors developed a scoping review to map
the evidence of various measures implemented in the school
setting to safely reopen schools and/or keep schools open during
the COVID-19 pandemic (Krishnaratne 2020). The scoping review
identified 42 studies assessing a range of measures undertaken
globally. Included studies used experimental, quasi-experimental,
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and observational designs, as well as various mathematical and
epidemiological modelling techniques. It classified measures into
three broad intervention categories: organisational measures to
reduce transmission of SARS-CoV-2 (e.g. mask-wearing policies,
reduced class sizes, and staggered attendance), structural/
environmental measures to reduce transmission of SARS-CoV-2
(e.g.enhanced cleaning and ventilation practices), and surveillance
and response measures in relation to SARS-CoV-2 infections (i.e.
testing, tracing, self-isolation and quarantine measures). While
the review specified four key outcome categories (transmission-
related outcomes; healthcare utilisation; other health outcomes;
and societal, economic and ecological implications), most studies
focused on transmission-related outcomes. No studies described
outcomes concerned with psychosocial health and well-being
among students and school staff, or economic implications for
parents and other carers.

The vast majority of the identified studies used various modelling
techniques to assess the impact of various measures in schools,
each with its own set of data and assumptions that may not
have been a true reflection of the real-world setting. The scoping
review concluded that there is an urgent need for empirical studies
assessing the effectiveness of the measures to reduce contacts
and to make contacts safer within the school setting (Krishnaratne
2020).

The scoping review informed the development of this rapid review
to synthesise the evidence on the effectiveness of measures
implemented in the school setting to contain the COVID-19
pandemic.

OBJECTIVES

To assess the effectiveness of measures implemented in the
school setting to safely reopen schools, or keep schools open, or

both, during the COVID-19 pandemic, with particular focus on the
different types of measures implemented in school settings and the
outcomes used to measure their impacts.

The review aims to address the following key question.

+ How effective are different types of measures implemented in
the school setting at reducing transmission between students,
teachers and other school staff, and in the wider community
during the COVID-19 pandemic?

It also seeks to examine the following subquestions.

+ What are the implications of these measures for non-
transmission-related outcomes (e.g. healthcare utilisation,
other health outcomes, and societal, economic and ecological
outcomes)?

» How arethese measuresimplemented within the school setting?
METHODS

In this review, we included studies that quantitatively assess
the impact of measures implemented in the school setting to
safely reopen schools, or keep schools open, or both, during the
COVID-19 pandemic. This rapid review was informed by a preceding
scoping review (Krishnaratne 2020) that included a logic model
that describes our a priori, evidence-informed understanding of the
system in which the various measures are implemented (Figure 1).
We used thisin planning the data extraction and evidence mapping,
and adapted it inductively over the course of the scoping review
to include categories and subcategories as they emerged. We used
the revised logic model to describe the identified evidence in the
scoping review (Figure 2). Together with the resulting evidence gap
map (Figure 3), it showed a significant gap in the evidence with
regards to non-transmission-related outcomes.
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Figure 1. A priori logic model
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Figure 3. Evidence gap map in which each square represents the case in which a single included study evaluated
a type of school measure (rows) against an outcome category (columns); additionally, the study type is provided
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We used the revised logic model as a basis for the a priori logic
model informing this rapid review. The criteria for considering
studies for this review, described below, are in line with the logic
model.

To conduct this review, we largely adhered to the rapid review
guidance issued by Cochrane (Garritty 2020), apart from double
screening all titles, abstracts and full texts in order to avoid
overlooking relevant studies. At least one review author checked
all data extractions. One review author conducted risk of bias
assessment, but this was checked and validated by at least
two review authors. A minimum of two review authors applied
GRADE. Moreover, in order to assure the methodological rigour

of this review, we created several mechanisms. First, we assigned
data extraction, risk of bias assessment and synthesis to very
experienced review authors. In addition, we involved a team with
extensive experience on modelling studies to support us with the
data extraction, synthesis and quality assessment. All steps were
piloted with the suggested number of items (i.e. piloting of text/
abstract screening with 50 records; piloting of full-text-screening
with 10 studies; piloting of data extraction with five studies). We
held regular team meetings and kept a list of rolling questions
where we discussed arising questions. The protocol for this rapid
review was reviewed and approved by Cochrane and published
with the Open Science Framework (Krishnaratne 2021). Where
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we adapted these methods, we transparently report on this in
the Discussion section.

Criteria for considering studies
Types of studies

We included studies that provide a quantitative measure of
impact, including experimental and quasi-experimental studies,
observational studies, and mathematical modelling studies.
Non-pharmaceutical interventions to respond to the COVID-19
pandemic had to be decided on and implemented very quickly,
often without the possibility to plan and conduct high-quality
evaluation studies.

Broadly, we included the following types of studies, but considered
all studies providing a quantitative measure of impact, regardless of
whether they fell specifically under one of the following categories.

1. Experimental and quasi-experimental studies:

« randomised controlled trials (RCTs) including cluster-RCTs;
« interrupted time series studies;

« controlled before-after studies and difference-in-differences
studies;

« instrumental variable studies;
« regression discontinuity studies.

2. Observational studies:

cohort studies;
case-control studies.

3. Mathematical modelling studies:

« compartmental models (e.g. SEIR-type models comprising
multiple compartments, such as S: susceptible, E: exposed, I:
infectious, R: recovered);

« agent-based models;

« Bayesian hierarchical models (i.e. models comprising several
submodels to integrate observed data as well as uncertainty);

« spatial models (i.e. modelling disease transmission spatially).

We included mixed methods studies that allowed for extraction of
quantitative impact measures. For certain measures, e.g. symptom
screening or testing within schools, we expected to identify a wide
range of diagnostic test accuracy studies; we included such studies
only if their implementation as part of a school-related measure
and the resulting impact was evaluated.

We considered studies published in journals as well as those
published on preprint servers.

We excluded the following types of studies and publications.

« Studies not providing a quantitative measure of impact (e.g.
studies providing only a graphical summary of the development
of the number of cases over time in relation to the introduction
of control measures, qualitative studies).

« Diagnostic studies that did not provide a quantitative measure
of impact beyond sensitivity and specificity (e.g. test accuracy
studies assessing the sensitivity and specificity of different
screening or diagnostic tests).

« Non-empirical studies (e.g. commentaries, editorials, literature
reviews not reporting primary empirical data).

« Systematicreviews (although these were used for backward and
forward citation tracking; Appendix 1).

« Conference abstracts and reports.

Setting

For this review, we considered schools as any setting with the
primary purpose to provide regular education to children between
4 and 18 years of age. Most countries distinguish between primary
or elementary education and secondary education. The school
could be either an institution where students live on the premises
(e.g. boarding school) or a day school. We defined the school
setting as the school, the school grounds, vehicles to arrive at,
return from or move around in or between school premises,
or any setting related to any activity organised by or linked to
the school. Measures might affect activities carried out in the
classroom, during breaks, during dining, in hallways, in bathrooms,
in faculty rooms, or during transportation and movement around
the campus. Further, by measures ‘in and around’ the school, we
refer to activities such as public transportation to and from the
school, as well as activities between students, staff, and other
populations that take place before/after school, which would not
have taken place if schools were not open. These include structured
activities, such as the participation in sports or other extracurricular
activities, as well as informal activities, such as leisure time
before and after school, long lunch breaks for older students,
and businesses/cafés visited by students and staff throughout the
school day. The context surrounding schools was also considered
in the synthesis and interpretation of results. Whilst setting refers
to the physical location of an intervention, context has been
defined as “a set of characteristics and circumstances that consist
of active and unique factors within which the implementation is
embedded” (Pfadenhauer 2017). In addition, implementation has
been defined as, “an actively planned and deliberately initiated
effort with the intention to bring a given intervention into policy
and practice within a particular setting” (Pfadenhauer 2017). Thus,
we also considered how the intervention interacts with the setting,
as well as context and implementation aspects to produce various
outcomes.

Types of participants

Different groups of people are impacted by measures implemented
in the school setting. These include those directly impacted in the
school setting, such as students, their teachers, and other school
staff. Other populations impacted less directly and outside of the
school setting include carers, families and friends of students,
as well as members of the wider community in which schools
are embedded. Specifically, we included studies that described
populations at risk of becoming infected with SARS-CoV-2, or
developing COVID-19 disease, or both.

Particular populations of interest in this review were:

« students between 4 and 18 years of age (selected studies that
include participants outside of this age range, e.g. studies of a
German school which also included some 19-year-old students,
were included);

» teachers working in the school setting;

« other staff working in the school setting; and
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« individualsindirectly impacted by the school setting (i.e. general
population, parents/carers).

We excluded studies targeting non-human transmission.

Types of interventions

We included studies that assessed the effectiveness of measures
implemented in the school setting and the wider community during
the COVID-19 pandemic. These can be implemented at: (i) the
macro level (e.g. national or regional legislation); (ii) the school
level; (iii) the level of groups, including student cohorts, classes,
grades or faculty/school staff; and (iv) the level of the individual,
including students and teachers at elevated risk of infection or
adverse health consequences of COVID-19, as well as students with
special learning needs, or from disadvantaged families, or both.

In the scoping review, we categorised interventions into
three broad categories, i.e. organisational measures to reduce
transmission of SARS-CoV-2; structural/environmental measures to
reduce transmission of SARS-CoV-2; and surveillance and response
measures in relation to SARS-CoV-2 infections. In the process
of conducting this review, we found that most studies focus on
transmission-related outcomes, and that many interventions are
being implemented in combination with each other. As a result, we
arranged these a priori intervention categories into the following
four broad intervention categories.

« Measures reducing the opportunity for contacts: policies
addressing the timing and organisation of school activities
(e.g. cohorting, alternating physical presence, and staggered
arrival/departure, breaks, and extracurricular activities, blended
learning).

« Measures making contacts safer: policies addressing the
behaviour of students, or school staff, or both (e.g.
mask mandates, distancing regulations, and handwashing
guidelines). Measures altering the physical environment (e.g.
enhanced cleaning and ventilation practices, adding physical
barriers to help individuals avoid contact, and adaptations to
transportation).

« Surveillance and response measures: strategies to screen, or
test, or both, individuals, or groups, or both (e.g. polymerase
chain reaction (PCR) testing of students or staff with symptoms,
antigen testing of students or staff without any symptoms) and
subsequent action (e.g. reactive dismissal of potentially infected
individuals, stay-at-home orders for students or staff who have
come into contact with an infected individual).

« Multicomponent measures: strategies using a combination of
at least two of the aforementioned categories.

In Table 1, the intervention categories as well as the respective
subcategories are described in detail.

We excluded studies if:

« they only described interventions not directly intended to
reduce the transmission of SARS-CoV-2 (e.g. improvements to
online learning platforms); or

o they only described interventions not implemented in the
school setting (as defined above), including a range of
containment and mitigation measures (e.g. community-based
quarantine, personal protective measures, hygiene measures,
bans on mass gatherings and other social-distancing measures).

Types of outcomes

Based on the categories used in the scoping review, we searched
for and classified outcomes into four broad categories, i.e.
transmission-related outcomes; healthcare utilisation; other health
outcomes; and societal, economic and ecological outcomes.
Therefore, we considered the following primary outcomes under
these categories.

1. Transmission-related outcomes:

« cases avoided due to the intervention (e.g. number, proportion,
rate of cases observed or predicted with and without the
intervention)

« number or proportion of deaths;

« shift in pandemic development due to the intervention (e.g.
probability of pandemic, time to or delay in pandemic arrival
or peak, size of pandemic peak, change in the effective
reproduction number);

« other transmission-related outcomes (e.g. risk of transmission
between schools, number of reactive closures due to cases,
number of schools with cases).

2. Healthcare utilisation outcomes:

number or proportion of hospitalisations;
number or proportion of cases requiring intensive care.

3. Other health outcomes:

physical, social and mental health outcomes directly related to
school measures, both positive and negative.

4. Societal, economic and ecological outcomes:

costs, human resources and capacity, educational outcomes
(e.g. days spent in school).

We did not consider studies reporting on other outcomes (e.g.
diagnostic test accuracy).

Search methods for identification of relevant studies

Our search strategy was structured around two main search
components focused on: (i) SARS-CoV-2/COVID-19; and (ii) control
measures implemented in the school setting. We largely followed
the search strategy that was used for the scoping review of school
measures; this was developed for MEDLINE and adapted for other
databases. We limited results to the year 2020, the point at which
publications about schools and the COVID-19 pandemic began to
appear. We did not apply a study design filter as we considered a
wide range of study types for inclusion.

An experienced information specialist adapted and ran systematic
searches on 9 December 2020 in the following electronic databases.

« Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions(R) (1946 to present).

+ Ovid Embase (1996 to present).

« Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library (inception to present).

« Educational Resources Information Center (ERIC) via the
Institute of Education Science at the US Department of
Education (2002 to present).
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We also searched the following COVID-19-specific databases on 9
December 2020.

« The Cochrane COVID-19 Study Register (covid-19.cochrane.org),
which contains study references from ClinicalTrials.gov, WHO
International Clinical Trials Registry Platform (ICTRP), PubMed,
Embase, CENTRAL, medRxiv and other handsearched articles
from publishers’ websites.

« The WHO COVID-19 Global literature on coronavirus disease
(search.bvsalud.org/global-literature-on-novel-
coronavirus-2019-ncov), which contains primarily research
(published and/or prepublication) journal articles from
PubMed, Web of Science, Global Index Medicus, Embase, and the
CDC Database of COVID-19 Research Articles. MedRxiv, BioRxiv,
ChemRxiv and SSRN also include prepublications. In addition,
Lanzhou University submits on a daily basis citations from CNKI
as well as a number of Chinese journal publishers.

Moreover, we searched Google to identify relevant items not
captured in any of the six databases. See Appendix 2 for the search
strategies used.

We performed a further top-up search in August 2021 and added
those results to Studies awaiting classification; we will incorporate
these studies into the review at the next update.

Inclusion of non-English language studies

We did not impose any restrictions with regards to languages. Due
to the language skills represented on the team, we considered
studies published in Armenian, English, French, German, Italian,
Russian and Spanish. Where necessary, we sought help with
translation for any other languages. We, however, did not identify
any study meeting our inclusion criteria published in a language
other than English.

Data collection and analysis
Selection of studies

After deduplication, we used standardised title and abstract
screening guidance to calibrate the screening procedures with all
review authors involved with the screening using the same 50 titles
and abstracts. We discussed and resolved all issues and revised the
screening guidance accordingly. Two review authors then screened
all titles and abstracts in duplicate, excluding only those studies
which were clearly irrelevant. Studies that were marked as unclear
were moved forward to the next stage.

We conducted a pilot of the full-text screening; all review authors
involved with full-text screening assessed a set of 10 full-text
studies at the outset (Garritty 2020). The team discussed any
open questions or issues, as well as how to harmonise screening
across all review authors. Two review authors then screened the
remaining full texts in duplicate. Any discrepancies were discussed
by the two screening review authors, and any unclear cases were
discussed with a third review author and/or the review team. At this
stage, a final decision regarding inclusion/exclusion was made.

We used EndNote X9 to manage the collection and deduplication
of records. For title and abstract screening, we used Rayyan, a web-
based application, designed for citation screening for systematic
reviews (Ouzzani 2016). We documented and reported reasons for
the exclusion of full texts using Microsoft Excel (Microsoft 2018)

We recorded reasons for excluding studies during full-text
screening.

Data extraction and management

Two review authors  (shared among ShK, HL and LMP)
independently extracted study characteristics and data from all
included studies using a data extraction form in Microsoft Excel.

We extracted the following main categories of data; relevant
subcategories can be found in the full data extraction form
(see Appendix 3):

«+ study information;

« study design;

« population and setting;
« intervention;

« outcomes and results;
« implementation;

» context.

We piloted and accordingly revised the data extraction form
using five purposively selected heterogeneous studies meeting the
inclusion criteria.

Assessment of risk of bias in and quality appraisal of included
studies

For experimental/quasi-experimental and observational studies,
one review author (from LMP, HL, ShK) assessed the risk of bias
of each included study, using the appropriate tool, and a second
review author checked the assessment. The same process was
followed for modelling studies, undertaken by review authors
with modelling expertise (TL, CIK, AB). Conflicts, questions, or
uncertainties were discussed between these review authors, or
among the larger review team, or both.

We assessed risk of bias for effects reported for all outcomes, using
multiple tools.

For experimental studies, we had planned to use the Cochrane RoB
2 tool (Higgins 2021); however, we did not find any relevant studies
and therefore did not use this tool.

For quasi-experimental and observational studies, we used
ROBINS-I for the assessment of non-randomised studies of
interventions (Sterne 2016); given that we identified different
types of quasi-experimental and observational studies, we also
referred to the Cochrane Handbook for Systematic Reviews of
Interventions for additional guidance on assessing risk of bias
of different types of non-randomised studies (Sterne 2021). We
treated the effect of assignment (intention-to-treat) as the effect
of interest and assessed risk of bias for the following domains:
confounding, selection of participants into the study, classification
of interventions, deviation from intended interventions, missing
data, measurement of outcomes, and selection of reported result.
We judged each domain as low, moderate, serious or critical risk of
bias based on a series of signalling questions. In applying ROBINS-
I, important confounding factors that each study would ideally
be controlled for should be defined a priori. Given the measures
implemented in the school setting, we expected that relevant
studies would be conducted at the cluster level. Based on the
body of evidence identified in the scoping review (Krishnaratne
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2020), important confounding factors would be related to between-
group differences (where multiple groups/cohorts are assessed)
such as age, sex and socioeconomic status. Further, we anticipated
that many of the studies would include co-interventions that
could differ between intervention groups and have an impact
on outcomes. Such co-interventions can be implemented in the
school setting (e.g. handwashing and mask policies) and in the
wider community (e.g. stay-at-home policies, social-distancing
measures, travel restrictions). We managed ROBINS-I assessments
using Google Sheets (https://docs.google.com/spreadsheets/). Due
to the nature of the results presented, we applied the ROBINS-
| tool to the study as a whole rather than to specific outcome
results, as recommended in the guidance. We followed ROBINS-I
and Cochrane Handbook guidance regarding studies at critical risk
of bias, meaning that we excluded any study at critical risk of bias
from the analysis.

For observational screening studies that assessed the effect of
screening and intervention beyond just looking at diagnostic
accuracy, we used the QUADAS-2 tool developed for studies
assessing diagnostic accuracy (Whiting 2011). The tool assesses
risk of bias in each of the following four key domains: patient
selection, index test, reference standard, and flow and timing. Risk
of bias is assessed as to whether the selection of patients could
have introduced any bias into the study, whether the conduct or
interpretation of the index test could have introduced bias, whether
the reference standard, its conduct, or its interpretation could
have introduced bias, and whether the patient flow could have
introduced bias. We only assessed one study using this tool, the
criteria for which can be found in Appendix 4.

There is currently no standardised method for assessing the risk
of bias or appraising the quality of modelling studies within the
systematic review community. In the rapid review of travel-related
control measures, Burns A 2020 describe the challenge of critically
appraising modelling studies by referring to a rapid review of the
methodological literature that sought to identify and summarise
studies describing criteria for assessing the quality of mathematical
modelling studies). This review suggested that an assessment of
the quality of a modelling study should capture the aspects of:
(i) model structure; (ii) input data; (iii) different dimensions of
uncertainty; (iv) transparency; and (v) validation. Based on these
findings, Burns A 2020 developed a tool for the assessment of
modelling studies which we applied in this review (Appendix 5). The
tool comprises 10 questions, each of which can be given a rating
of ‘no to minor concerns’; ‘moderate concerns’ or ‘major concerns’.
This tool does not combine multiple criteria into a summary score.
Therefore, we used this toolin our assessment of modelling studies,
including studies that used only modelling as well as experimental
studies with a modelling component.

Contacting study authors

In our review protocol, we had specified that we would contact
study authors in case of missing information. The overall reporting
of studies was reasonable, and it was therefore not necessary to
contact study authors.

Data synthesis

Based on the very heterogeneous evidence base identified in the
scoping review, we anticipated that meta-analyses would likely
not be possible in most or all cases. We considered the published
Synthesis Without Meta-analysis (SWiM) guidance as a basis for

the reporting of results (Campbell 2020a). We summarised and
reported the extracted data for each of the four broad intervention
categories and the specific interventions contained within them.
We used these categories for our synthesis and we present
findings in a tabular, narrative or graphical manner. We analysed
and presented findings from empirical studies and modelling
studies separately. A third review author double-checked all
data presented in the tables, text and graphics. When assessing
observational studies which reported adjusted and unadjusted
outcomes, we aimed to assess adjusted outcomes as much as
possible.

Assessment of heterogeneity and subgroup analyses

In the absence of meta-analyses, we did not conduct a statistical
assessment of heterogeneity, nor did we statistically assess
differences between subgroups. We narratively explored the
influence of potentially important sources of heterogeneity on
the impact of interventions. In modelling studies, we did this
by examining multiple scenarios presented using varying key
parameters. We focused on heterogeneity in terms of population,
intervention, or outcomes, and across contexts. We considered the
following sources of heterogeneity.

« School type (i.e. primary, secondary), or age group of students,
or both.

o Classsize.

« Community transmission at the time at which the intervention
was implemented (i.e. impacts of measures are likely to be
different in countries or regions according to the disease
prevalence or transmission patterns within communities,
regions or countries).

« Other local or national measures implemented (e.g. workplace
closure, travel-related control measures).

+ Leveloftheintervention (i.e.interventionimplementation atthe
macro, school, or individual level).

« Intervention trigger (i.e. cause for the initiation of
implementation within or outside of the school setting).

« Geographical location (i.e. region or country).
« Socioeconomic status of target population.

The scoping review findings suggested that it would likely not be
possible to undertake most of these subgroup analyses, due to the
information rarely being reported.

Assessment of the certainty of the evidence

We used the GRADE approach to assess the certainty of evidence
for bodies of evidence within four broad intervention categories
(Hultcrantz 2017). An initial assessment jointly made by ShK; HL,
and LMP was shared with other review authors (TL, CIK, AB, JB)
and a joint decision regarding the certainty of evidence ratings was
made. The completed GRADE tables for each intervention category
can be found in (Summary of findings 1; Summary of findings 2;
Summary of findings 3; Summary of findings 4).

The certainty of evidence is defined in GRADE as the extent to
which one can be confident that the true effect of an intervention
lies on one side of a specified threshold, or within a chosen range
(Hultcrantz 2017). In this rapid review, we considered 'difference
from the null' as the most relevant threshold, assuming that even
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small effect sizes may be relevant for school measures applied to
large populations.

The certainty of evidence rating in GRADE yields four possible levels
of evidence: high certainty (i.e. the estimated effect lies close to
the true effect), moderate certainty (i.e. the estimated effect is
probably close to the true effect), low certainty (i.e. the estimated
effect might substantially differ from the true effect), and very low
certainty (i.e. the estimated effectis probably substantially different
from the true effect) (Hultcrantz 2017).

We rated bodies of evidence from quasi-experimental/
observational and modelling studies separately.

In GRADE, evidence from RCTs enters the rating as high certainty,
as does evidence from observational studies whose risk of bias has
been assessed using ROBINS-I (Sterne 2016). Five domains are then
used to further downgrade evidence, including study limitations,
inconsistency, indirectness, imprecision, and publication bias, and
three domains are used to upgrade evidence, including plausible
confounding, large estimates of effect, and presence of a dose-
response relationship. The ROBINS-I judgements for empirical
studies informed the GRADE criterion on study limitations.

To apply GRADE in the specific context of modelling studies, we
used the recent guidance developed by the GRADE Working Group
(Brozek 2021). Evidence from modelling studies also entered the
assessment as high certainty, and all the GRADE domains described
above were then used to assess certainty of the model outputs. The
quality assessment of the studies using the bespoke tool informed
our GRADE assessment of modelling studies. With regards to the
study limitations domain of GRADE, the quality assessment ratings
for the model structure and input data were used to downgrade
bodies of evidence if studies raised concerns in either of these
aspects. This was partially operationalised by considering major
concerns in input data or structure as a definite indicator for
downgrading. If the decision about downgrading once or twice
or not downgrading at all was on the edge, we used the external
validation category as a tiebreaker. To assess the imprecision

in the bodies of evidence from modelling studies, we rated the
analyses conducted to assess the variability and uncertainty of
the outcomes and critically examined these against the aspects
of uncertainty that should have been considered in the models.
Where only one study contributed to the body of evidence, we
downgraded the evidence forimprecision. A modelling study might
for example report tight confidence intervals, which arise from an
incomplete consideration of all the important underlying sources
of uncertainty. To assess indirectness, we focused on the external
validity of the model as an importantindicator for a credible model.
We assessed inconsistency based on a consistent or inconsistent
direction of effect across studies for any given outcome category.

RESULTS

Description of studies
Results of the search

We identified 2687 unique records from database searches
and identified 4043 additional records from snowball searches.
Of these, 152 studies entered full-text screening. After a
comprehensive screening process, detailed in the PRISMA flow
diagram (Figure 4), we included 38 studies in the rapid review,
comprising 31 preprints, four peer-reviewed studies (Campbell
2020b; Lee 2020; Panovska-Griffiths 2020a; Simonsen 2020), and
three reports (Alvarez 2020; Gill 2020; Isphording 2020). Of these
preprints, 16 studies have been published after the analysis
had been completed. A comparison of the differences between
the preprint and the peer-reviewed publication can be found
in Appendix 6. While we do not include a list of ongoing studies
in this review, this is available upon request by contacting the
study authors. We excluded 114 studies from this review. We have
provided a list of 20 of these studies which we felt would be of
most interest/relevance to readers and have provided reasons for
exclusion at the full-text level in Excluded studies. Broad reasons
for exclusions (i.e. population, disease, outcome) are provided
in Figure 4.
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Figure 4. PRISMA flow chart
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Based on our findings, we adapted the a priori logic model
that informed the development of the rapid review protocol
(Krishnaratne 2021).

Given the delay between the initial search and the publication
of this review, we conducted a top-up search on the Cochrane
Covid-19 Study Register in August 2021 in order to identify studies
published since the original search. The goal of this search was to

identify eligible studies, and not to conduct any data extraction
or quality assessment. The search was conducted exactly as it
had been run in December 2020 but with search dates from 9
December 2020 to 5 August 2021. The search identified 1379 unique
records. Of these, 118 studies entered full-text screening. After a
comprehensive screening process, we added 16 novel study reports
to Studies awaiting classification. A detailed PRISMA flow diagram
documenting this top-up search can be found in Figure 5.
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Figure 5. PRISMA flow chart: top-up search
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Included studies

The characteristics of each of the included studies are described
in the characteristics of included studies table (Table 2). In the
following, summary information is provided according to their
setting, population, intervention, comparison, outcome(s), and
study design. The evidence gap map summarises the distribution

Preprint included in review (n=1)

of studies related to the study types, intervention and outcome
categories (Figure 3).

Setting

While the majority of studies either did not differentiate between
different school types or assess measures in any school type,
four studies specifically assessed the implementation of measures
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within a secondary school setting (Curtius 2020; Panovska-Griffiths
2020b; Sruthi 2020; Vlachos 2020), while four assessed measures
implemented in the primary school setting (Aspinall 2020; Monod
2020; Phillips 2020; Simonsen 2020).

Context

Studies were carried out in a range of countries: 15 studies in
the USA (Baxter 2020; Bershteyn 2020; Burns A 2020; Cohen 2020;
Espafia 2020; Germann 2020; Gill 2020; Head 2020; Jones 2020;
Kraay 2020; Landeros 2020; Lyng 2020; Monod 2020; Shelley 2020;
Williams 2020), four in Canada (Campbell 2020b; Naimark 2020;
Phillips 2020; Tupper 2020), three in Germany (Curtius 2020; Hoehl

Figure 6. Geographical distribution of included studies
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Asin the scoping review, reporting on other contextual aspects was
scarce. One study outlined that the economic consequences, such
as an increase in unemployment and a decrease of gross domestic
product may have led to a relaxation of multiple measures in
Canada, including the reopening of schools (Campbell 2020b).
Weather conditions, such as temperate and precipitation, were
mentioned as a factor affecting sufficient ventilation in Germany,
with warmer temperatures and less precipitation being mentioned
as a beneficial factor (Isphording 2020).

Population

We differentiated between populations targeted by the
intervention and populations in which outcomes were assessed.
Most studies focused on outcomes among populations in the
school setting (i.e. students and teachers); in some instances,
outcomes were also assessed among parents and carers as well as
the wider community.

2020; Isphording 2020), five in the UK (Aspinall 2020; Keeling
2020; Munday 2020; Panovska-Griffiths 2020a; Panovska-Griffiths
2020b), two in France (Di Domenico 2020a; Mauras 2020), two in
China (Lee 2020; Zhang 2020), one in Chile (Alvarez 2020), one in
Denmark (Simonsen 2020), one in Israel (Lazebnik 2020), one in the
Netherlands (Rozhnova 2020), one in Sweden (Vlachos 2020), and
one in Switzerland (Sruthi 2020). One study referred to multiple
countries (Kaiser 2020). Studies assessed measures implemented
both in primary and secondary school settings. Therefore, 20
studies have been conducted in the WHO Region of the Americas
(AMR), 16 in the WHO European region (EUR) and two in the WHO
Western Pacific Region (WPR) (Figure 6).
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Study designs

Overall, included studies comprised 33 modelling studies,
two observational studies (Simonsen 2020; Vlachos 2020),
one observational screening study (Hoehl 2020), one quasi-
experimental study (Isphording 2020), and one experimental study
with modelling components (only the modelling component was
assessed in this review) (Curtius 2020). Modelling studies varied
in the employed modelling approaches, including compartmental
models, agent-based models, and Susceptible-Exposed-Infectious-
Removed (SEIR) models. Details are presented in the characteristics
of included studies table (Table 2). As indicated above (Methods),
when assessing observational studies which reported adjusted and
unadjusted outcomes, our aim was to assess adjusted outcomes as
much as possible.

Interventions

We identified a wide range of interventions across four broad
intervention categories: (i) measures reducing the opportunity for
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contacts; (ii) measures making contacts safer; (iii) surveillance and
response measures; and (iv) multicomponent measures.

Measures reducing the opportunity for contacts

We identified 23 modelling studies on measures reducing
opportunity for contacts (Alvarez 2020; Aspinall 2020; Baxter
2020; Bershteyn 2020; Burns A 2020; Cohen 2020; Di Domenico
2020a; Espafia 2020; Germann 2020; Gill 2020; Head 2020;
Jones 2020; Kaiser 2020; Keeling 2020; Landeros 2020; Lee
2020; Mauras 2020; Munday 2020; Panovska-Griffiths 2020a;
Phillips 2020; Rozhnova 2020; Shelley 2020; Zhang 2020).
We differentiate between measures reducing the number of
students and contacts (i.e. reducing the number of students on
school premises automatically reduces the number of contacts
with or without additional contact-reducing measures being
implemented) andmeasures reducing contacts (i.e. contacts
between students as well as between students and school staff can
also be reduced through forming cohorts with all students present
on school premises).

We identified 22 modelling studies addressing measures reducing
the number of students and contacts (Alvarez 2020; Aspinall
2020; Baxter 2020; Bershteyn 2020; Burns A 2020; Cohen 2020;
Di Domenico 2020a; Espafia 2020; Germann 2020; Gill 2020; Head
2020; Jones 2020; Kaiser 2020; Keeling 2020; Landeros 2020;
Lee 2020; Mauras 2020; Munday 2020; Panovska-Griffiths 2020a;
Phillips 2020; Shelley 2020; Zhang 2020). Measures reducing the
number of students can be implemented on a macro level (phased
reopening of certain school types), school level (in-schooling of
certain classes), or class level (reduction of number of students
per class). With modelling studies mostly simulating a percentage
reduction in the total number of students (i.e. 0 to 100% of
students attending school in person), some studies reported how
this reduction was achieved: by implementing a phased reopening
of certain school types (Baxter 2020; Munday 2020; Zhang 2020), in-
schooling of certain classes only (Aspinall 2020; Lee 2020; Munday
2020), or a reduction of the number of students per class (Bershteyn
2020; Head 2020; Phillips 2020). Where models reported on how
this reduction in student numbers was achieved, they referred to
implementing an alternating attendance schedule (e.g. one cohort
attends school in week one; another cohort attends school in week
two) (Baxter 2020; Bershteyn 2020; Burns A 2020; Cohen 2020;
Germann 2020; Gill 2020; Head 2020; Jones 2020; Phillips 2020;
Shelley 2020).

Among these studies, six allowed for a separate assessment of
measures that onlyreduced contacts while maintaining the same
number of students (Cohen 2020; Germann 2020; Gill 2020; Head
2020; Landeros 2020; Phillips 2020). In all six studies, a reduction
in contacts was achieved by simulating alternating attendance of
cohorts without reducing the number of students.

One study exclusively looked at the reduction of contacts
(simulating a range of contact reduction between 0 to 100%)
without assessing a scenario in which the number of students was
also reduced (Rozhnova 2020).

Measures making contacts safer

We identified 12 studies examining the impact of interventions
aimed at making contacts safer (Cohen 2020; Curtius 2020;
Espafia 2020; Germann 2020; Gill 2020; Head 2020; Kraay 2020;
Lazebnik 2020; Monod 2020; Panovska-Griffiths 2020b; Sruthi 2020;

Simonsen 2020). All but one study (Simonsen 2020), used modelling
to assess the effects of the measures. Among these, studies focused
on interventions promoting mask wearing in schools (Espafia 2020;
Head 2020; Panovska-Griffiths 2020b; Sruthi 2020), handwashing
interventions (Kraay 2020; Simonsen 2020), cleaning interventions
(Kraay 2020), modifying activities in the school setting (Lazebnik
2020), and ventilation interventions (Curtius 2020). Five studies
assessed combined measures to make contacts safer, where it
was not possible to disaggregate the effects of each individual
intervention (Cohen 2020; Germann 2020; Gill 2020; Monod 2020;
Phillips 2020).

Surveillance and response measures

Fourteen modelling studies reported outcomes on interventions
of mass testing and isolation measures, and symptom-based
screening and quarantine measures (Bershteyn 2020; Burns A
2020; Campbell 2020b; Cohen 2020; Di Domenico 2020a; Gill 2020;
Head 2020; Hoehl 2020; Landeros 2020; Lyng 2020; Panovska-
Griffiths 2020a; Panovska-Griffiths 2020b; Tupper 2020; Williams
2020). Twelve studies looked at measures involving mass testing
and isolation (Campbell 2020b; Cohen 2020; Di Domenico 2020a;
Gill 2020; Head 2020; Hoehl 2020; Landeros 2020; Lyng 2020;
Panovska-Griffiths 2020a; Panovska-Griffiths 2020b; Tupper 2020;
Williams 2020), while two studies looked specifically at symptom-
based screening and isolation (Bershteyn 2020; Burns A 2020).
The distinction between these two categories is that testing and
isolation measures refer to mass/routine testing (i.e. testing all
students or teachers), whereas symptom-based screening involves
screening symptomatic cases only.

Multicomponent measures

We identified three additional studies that reported outcomes
relating to multicomponent measures (Isphording 2020; Naimark
2020; Vlachos 2020), where it was not possible to disaggregate
the effects of each individual intervention. One modelling study
assessed a multicomponent measure consisting of reducing the
number of students, reducing the number of contacts, universal
masking, alternating attendance schedules in high schools, and
symptom-based isolation (Naimark 2020). One quasi-experimental
study assessed an intervention consisting of mask wearing, fixed
cohorts, testing, quarantine measures, modification of sports and
music classes, isolation of at-risk students, reduced cohort size,
ventilation, staggered school hours, and spacing in the school
yard (Isphording 2020). One observational study assessed an
intervention including a handwashing policy, physical distancing
measures, increased outdoor activities, cancellation of large
gatherings, and enhanced cleaning protocols (Vlachos 2020).

Abreakdown of the different broad intervention categories and the
specific interventions within them is presented in Table 1.

Comparisons

We encountered the following comparisons.

« Measures to safely open schools versus keeping schools
closed. Here, authors compared scenarios in which schools
were opened with various measures in place to scenarios in
which schools were closed completely. While reporting on
the comparator was often suboptimal, authors usually made
a reference to substituting face-to-face teaching with virtual
teaching.
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« Measures to safely open schools versus opening schools with
no measures in place. Here, authors compared a scenario with
various measures in place to a scenario in which schools were
open without any measures in place (e.g. prepandemic status).

« Intense versus least intense measures under which schools
are opened. Here, authors compared interventions that were
implemented more or less intensely (i.e. testing all versus only
some students) with schools open.

« Single-component measure versus multicomponent measures.
Here, a single measure (i.e. schools opening with a testing
strategy only) was compared with multiple measures (i.e.
schools opening with testing, mask wearing and measures to
reduce contacts).

In the modelling studies - 33 studies constituting the majority
of our evidence base - the interventions and comparisons were
conceptualised as scenarios. Many studies included more than
two scenarios. In most modelling studies, the comparison was a
scenario in which no measure was implemented (i.e. schools open
without any measures in place or prepandemic status), which we
considered to be the main comparison. Therefore, we used only
one summary of findings table per intervention category and used
this main comparator as a basis for developing narrative summaries
and GRADE ratings. If the study only allowed for comparing
operating schools with measures in place to school closures, we
used this comparison as a basis for the evidence synthesis and
signalled this clearly.

In the observational studies - three studies only - two studies
compared measures to a scenario in which schools were closed
completely. One study compared more intense measures to the
least intense measures. In the experimental study with a modelling
component, the comparison was made with full school reopening
with no measuresin place. Inthe observational screening study, the
comparison was made with the least intense measure.

Outcomes

We included studies that assessed outcomes in four broad
categories:

transmission-related outcomes;

healthcare utilisation outcomes;

other health outcomes;

societal, economic and ecological outcomes.

> w N

Within category 1, we identified outcomes, such as the number or
proportion of casesin the school or general population, the number
of cases detected by a measure, the number of schools having one
infected student present, the number or proportion of deaths, the
progression of the pandemic, and the reproduction number.

Within category 2, we identified outcomes related to the utilisation
of the healthcare system. This might have been the number or
proportion of cases requiring intensive care.

In category 3, we identified outcomes related to health beyond
transmission-related outcomes. This refers to outcomes such as
hand eczema.

Category 4 was rarely addressed in the included studies. The only
outcome we identified was the number of days spent in school.
The number of days spent in school differs across the studies for

two reasons. First, the number of days in school is affected by the
design of the measure, i.e. with measures to reduce the number
of students in school, a proportion of students stay home, thus
reducing planned days on school premises. Second, the number of
days in school is affected in an unplanned manner by isolation or
quarantine measures of individuals, classes or whole schools.

Risk of bias and quality of included studies

The quality of modelling studies (including the experimental study
with a modelling component), the risk of bias in observational/
quasi-experimental studies, as well as the quality of the
observational screening study are summarised in Table 3, Table
4 and Table 5.

The ratings for modelling studies according to our bespoke quality
assessment tool can be found in Table 3 and Appendix 7. We
observed a general lack of external and internal validation across
studies. Internal validity describes whether the model calculations
and results are consistent with the model’s specifications, i.e.
whether it works as intended. Although this is necessary for the
model results to be reliable, it was often not explicitly checked
or reported, but is likely given due to the iterative model-building
process. External validity is an important aspect of a model
pertaining to the agreement of model predictions and real-world
data. Successful validation on independent data awards a large
amount of credibility to any model predictions. However, in the
context of measures implemented in schools, external validation is
often only possible to a very limited extent, given the short time
frame in which COVID-19-related data have been gathered, and
sometimes even impossible, given a specific model structure or
scope. Due to this lack of external validation, credibility of the
models was difficult to compare based only on their structure
and input data, as there was no true or best reference model.
However, a wide range of ratings of the structure and input data
aspects allowed for detection of problematic studies, which led to
downgrading for risk of bias in such instances. Only a few studies
achieved a rating of minor concerns for their uncertainty analysis,
arising from the fact that many studies did not address all crucial
sources of uncertainty, which likely would impact the model results
and lead to an overestimation of the accuracy of the outcomes.

All quasi-experimental or observational studies had one or several
moderate or serious risk of bias ratings in important domains,
notably due to potential confounding, deviations from intended
interventions, and missing data (Table 4).

Using the QUADAS-2 tool, we assessed the one observational
screening study as having a high risk of bias (Hoehl 2020; Table
5). This study assessed the effect of screening and intervention
with respect to the number of cases detected as well as diagnostic
accuracy.

Effects of interventions/results of the synthesis

In the following, we provide a narrative summary of the impact
of the four categories of measures implemented in the school
setting. Within each intervention category, we distinguish between
different types of specific measures (Table 1) and report on each of
the four predefined outcome categories (i.e. transmission-related
outcomes; healthcare utilisation outcomes; other health outcomes;
societal, economic and ecological outcomes). Where we describe
effects as ‘positive, we mean that the direction of the point
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estimate of the effect favours the intervention(s); ‘negative’ effects
do not favour the intervention(s). ‘Mixed effects’ are when there is
evidence in favour of and against the intervention(s).

For each intervention-outcome combination we present 'Summary
of findings' tables (Summary of findings 1; Summary of findings
2; Summary of findings 3; Summary of findings 4), including
a narrative summary of the effects, potential effect moderators
as derived from the individual studies, as well as certainty of
evidence ratings, and a more concise description and synthesis of
these findings. A study-by-study overview of the individual studies
informing these summaries can be found in the corresponding
appendices (Appendix 8; Appendix 9; Appendix 10; Appendix 11;
Appendix 12; Appendix 13; Appendix 14; Appendix 15).

Given that potential effect moderators were generally only
assessed in individual studies (for modelling studies) or were based
on limited data (for observational studies), these data should be
interpreted with caution. Although we could not explicitly assess
how methodological and contextual differences across studies
impacted the results, we consider these very important, and they
should be kept in mind when interpreting the results described
below.

Measures reducing the opportunity for contacts

For all studies in this category, an overview of the study-by-
study evidence can be found in Appendix 8; Summary of findings
1 presents the GRADE summary of findings for this body of
evidence. The studies were largely consistent in predicting positive
effects on transmission-related outcomes (e.g. a reduction in
the number or proportion of cases, reproduction number) and
healthcare utilisation outcomes (i.e. fewer hospitalisations) and
mixed or negative effects on societal, economic and ecological
outcomes (i.e. fewer number of days spent in school). We assessed
the certainty of evidence for all outcomes as very low due to risk
of bias/study quality, indirectness and imprecision encountered in
the body of evidence.

Measures reducing the number of students and contacts

Among the 22 modelling studies examining measures reducing
the number of students and contacts (Alvarez 2020; Aspinall
2020; Baxter 2020; Bershteyn 2020; Burns A 2020; Cohen 2020; Di
Domenico 2020a; Espafia 2020;Germann 2020; Gill 2020; Head 2020;
Jones 2020; Kaiser 2020; Keeling 2020; Landeros 2020; Lee 2020;
Mauras 2020; Munday 2020; Panovska-Griffiths 2020a; Phillips 2020;
Shelley 2020; Zhang 2020), the percentage of students attending
school was reduced to 80% (Germann 2020), 55% (Jones 2020),
50% (Baxter 2020; Bershteyn 2020; Burns A 2020; Di Domenico
2020a; Gill 2020; Head 2020; Kaiser 2020; Keeling 2020; Mauras 2020;
Panovska-Griffiths 2020a; Shelley 2020), 40% (Germann 2020), and
20% (Shelley 2020). All of these studies assessed at least one
transmission-related outcome. Five studies assessed outcomes
with regards to healthcare utilisation (Alvarez 2020; Di Domenico
2020a; Germann 2020; Head 2020; Keeling 2020), and three studies
assessed a societal outcome (Cohen 2020; Gill 2020; Phillips 2020).

Transmission-related outcomes
Number or proportion of cases

Thirteen modelling studies reported on the number or proportion
of cases (Baxter 2020; Bershteyn 2020; Burns A 2020; Di Domenico
2020a; Germann 2020; Gill 2020; Head 2020; Jones 2020; Kaiser

2020; Keeling 2020; Mauras 2020; Panovska-Griffiths 2020a; Shelley
2020). Two of the studies contributing to this outcome compared
implementation of more intense with less intense measures
(Bershteyn 2020; Kaiser 2020), while the others compared a
reduced number of students and contacts with schools being
fully open with no measures in place. Twelve of these studies
showed reductions in the number or proportion of cases.
One study showed inconsistent results with two scenarios (2-
day alternating attendance schedule; morning - afternoon shift
alternating attendance schedule), associated with more cases
than fully opening schools, and with full attendance associated
with fewer cases than if 100% of the students did distance
learning (Shelley 2020). The findings of these studies suggested
potential influencing factors, such as the level of community
transmission (Gill 2020; Head 2020; Jones 2020; Kaiser 2020;
Keeling 2020; Mauras 2020; Panovska-Griffiths 2020a; Shelley
2020), co-interventions implemented in the community (Bershteyn
2020; Germann 2020; Panovska-Griffiths 2020a), susceptibility or
transmission probabilities (Di Domenico 2020a; Head 2020; Shelley
2020), as well as the age of students (Baxter 2020; Di Domenico
2020a; Gill 2020; Keeling 2020; Mauras 2020). We assessed the
certainty of evidence for this outcome as very low.

Risk of infection

Two modelling studies reported on the risk of infection with
SARS-CoV-2 (Cohen 2020; Espafia 2020). Reducing the number of
students to 50% by introducing alternating attendance schedules
and enforcing measures, such as face masks, would lead to a
predicted reduction in the risk of infection. In one study (Cohen
2020), the risk of infection in students varied between 0.2% and
3.1% and in teachers and school staff between 0.4% and 4.3%,
when the measures were applied. In contrast, when operating
schools without any measures, the risk of infection ranged between
6.4% and 17.2% for students and between 9.5% and 24.6% for
teachers and school staff, depending on the level of community
transmission. The same study predicted that the lowest risk of
infection can be achieved by reducing attendance in primary
schools to 50% (Cohen 2020), while keeping secondary schools in
remote learning (risk of infection in teachers: 0.2% to 0.7%; risk
of infection in students: 0.1% to 1.0%). In another study, relative
to a scenario with operating schools at full capacity and without
face masks, a reduction in students led to a proportional reduction
in the risk of infection across all populations (students, teachers,
general population) (Espafia 2020). The variation in the effect
estimates within studies might be explained by varying levels of
adherence to wearing face masks (Espafa 2020), susceptibility of
individuals to a SARS-CoV-2 infection, age of the students targeted
by the intervention (primary versus secondary school students),
as well as the level of community transmission (Cohen 2020). We
assessed the certainty of evidence for this outcome as very low.

Reproduction number

Six modelling studies reported on the reproduction number (Cohen
2020; Keeling 2020; Landeros 2020; Lee 2020; Phillips 2020; Zhang
2020). All but one study predicted that reducing the number of
students, and thus reducing the number of contacts between
students, would lead to a reduction in the reproduction number
when compared to operating schools with no measures in place.
The discrepant study (Cohen 2020), which presented results on the
effective reproduction number in a graphical way, predicted no
consistent trend across different scenarios of alternating schedules
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and reduction of students. The variation in the magnitude of
effect within studies might be explained by the level of community
transmission (Cohen 2020; Keeling 2020; Landeros 2020; Lee 2020;
Phillips 2020), co-interventions implemented in the community
(zhang 2020), as well as the age of students targeted by the
intervention (Cohen 2020; Keeling 2020). We assessed the certainty
of evidence for this outcome as very low.

Number or proportion of deaths

Five modelling studies reported on the number or proportion of
deaths (Baxter 2020; Germann 2020; Head 2020; Keeling 2020;
Panovska-Griffiths 2020a). All studies predicted that reducing the
number of students, and thus reducing the number of contacts
between students, would lead to a reduction in the number or
proportion of deaths (among students, teachers and staff, and
the general population) when compared to schools operating
without measures in place. The variation in the magnitude of
effect within studies might be explained by the level of community
transmission (Keeling 2020), age of students (Baxter 2020; Head
2020; Keeling 2020), susceptibility of children to a SARS-CoV-2
infection (Head 2020), as well as implementation of community-
based interventions (Germann 2020; Head 2020; Panovska-Griffiths
2020a). We assessed the certainty of evidence for this outcome as
very low.

Risk of death

One modelling study reported on the risk of death (Espafia 2020).
The study predicted that reducing the number of students, and
thus reducing the number of contacts between students, would
lead to a reduction in the risk of death in various populations
when compared to operating schools without measures. If only
50% of all students attended school, the risk of death could be
reduced to 3.0% (3.0% to 4.0%) in teachers, 0.4% (0.4% to 0.5%) in
family members, and 4.0% (4.0% to 5.0%) in the general population
if measures, such as face masks, were also in place. The study
assesses the variation in effect dependent on the level of adherence
to co-interventions such as mask adherence. We assessed the
certainty of evidence for this outcome as very low.

Shift in pandemic development

Five modelling studies assessed six different outcomes describing
potential shifts in pandemic development (Alvarez 2020; Germann
2020; Landeros 2020; Mauras 2020; Phillips 2020). Specific
outcomes assessed by these studies were time to peak intensive
care unit (ICU) occupancy (Alvarez 2020), time to peak incidence
(Germann 2020), time to peak prevalence (Germann 2020),
time to stopping rule (i.e. a rule that urges schools to
close fully when prevalence among students reaches a certain
number; Landeros 2020), time to outbreak (Mauras 2020), and
outbreak length (Phillips 2020). All studies predicted that reducing
the number of students, and thus reducing the number of contacts
between students, would slow pandemic development when
compared to schools operating without measures in place. The
variation in the magnitude of effect might be explained by the
implementation of community-based interventions (Alvarez 2020;
Germann 2020), transmissibility (Landeros 2020), the level of
community transmission (Landeros 2020), as well as the age of
students targeted by the intervention (Mauras 2020; Phillips 2020).
We assessed the certainty of evidence for this outcome as very low.

Number or proportion of infected schools

One modelling study assessed the proportion of primary schools
with at least one infected person on the premises (Aspinall 2020).
The study predicted that reducing the number of students, and
thus reducing the number of contacts between students, would
lead to a reduction in this outcome when compared to all students
attending. With all students attending, the proportion of primary
schools with at least one infected individual on the premises would
range between 4% and 20% (661 to 3310 schools); if only one-third
of all students were attending, the risk could be reduced to between
1% and 6% of primary schools (178 to 924 schools). Besides, the
magnitude of effects varied by time point of opening, which may
serve as a proxy for the level of community transmission; with
increasing levels of community transmission, effect estimates are
assumed to increase. We assessed the certainty of evidence for this
outcome as very low.

Risk of transmission to other schools

One modelling study assessed the risk of transmission from
one school to other schools (Munday 2020). When compared to
operating schools without measures in place, the study predicted
that reducing the number of students, and thus reducing the
number of contacts between students, would lead to a reduction
in the risk of transmission to another school. For 100% attendance,
the risk ranged between 0.42% and 3.6%; it was lowest if only
certain grades of primary school students attended school, with
therisk ranging between 0.01% and 0.09%. The level of community
transmission appeared to influence the risk of transmission from
one schoolto another. We assessed the certainty of evidence for this
outcome as very low.

Healthcare utilisation outcomes
Number or proportion of hospitalisations

Two modelling studies reported on the number or proportion
of cases requiring hospitalisation (Germann 2020; Head 2020).
While Germann 2020 reported on the number of cases, Head
2020 reported on the excess hospitalisations per 10,000 students,
teachers and staff, household members and community members.
Both studies predicted that reducing the number of students, and
thus reducing the number of contacts between students, would
lead to a reduction in the number or proportion of hospitalisations
when compared to operating schools without measures in place.
Factors influencing the effect were co-interventions implemented
in the community (Germann 2020), the level of community
transmission, as well as varying degrees of susceptibility (Head
2020). We assessed the certainty of evidence for this outcome as
very low.

Number or proportion of cases requiring intensive care

Three modelling studies reported on the number or proportion of
cases requiring intensive care (Alvarez 2020; Di Domenico 2020a;
Keeling 2020). All studies predicted that reducing the number
of students, and thus reducing the number of contacts between
students, would lead to a reduction in the number or proportion
of cases requiring intensive care when compared to operating
schools without any measures. Factors that might influence the
range of predicted effects are the level of community transmission
(Keeling 2020), the age of students targeted by the intervention
(Di Domenico 2020a; Keeling 2020), as well as co-interventions
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implemented in the community (Alvarez 2020). We assessed the
certainty of evidence for this outcome as very low.

Societal, economic and ecological outcomes
Number of days spent in school

Three modelling studies assessed these outcomes (Cohen 2020; Gill
2020; Phillips 2020). Cohen 2020 and Gill 2020 assessed the number
of days spent in school, while Phillips 2020 assessed the number
of student days lost to classroom closure. Two studies predicted
that reducing the number of students, and thus reducing the
number of contacts between students, would lead to a reduction
in the number of planned days spent in school when compared
to operating schools without measures in place. However, the
interventions would increase the number of intended days spentin
school due to their ability to prevent school days lost to classroom
closures due to quarantine or isolation. In one study, the number
of days spent in school increased due to a reduction of students
leading to a lower number of days lost to classroom closures. For
a ratio of students to teachers of 8:1, the number of school days
lost was standard deviation (SD) 76.0 + 59.5 and for a ratio of 30:1
SD 1157.7 + 684.3. Factors that might influence the variation in
the effects assessed in the studies were the level of community
transmission (Cohen 2020; Gill 2020; Phillips 2020), as well as the
age of students targeted by the intervention (Cohen 2020). We
assessed the certainty of evidence for this outcome as very low.

Measures reducing contacts

Seven modelling studies assessed measures that reduced the
number of contacts between individuals (Cohen 2020; Germann
2020; Gill 2020; Head 2020; Landeros 2020; Phillips 2020; Rozhnova
2020). Six of these studies assessed a transmission-related outcome
(Cohen 2020; Gill 2020; Head 2020; Landeros 2020; Phillips 2020;
Rozhnova 2020). Two studies assessed outcomes with regards
to healthcare utilisation (Germann 2020; Head 2020), and three
studies assessed a societal outcome (Cohen 2020; Gill 2020; Phillips
2020).

Transmission-related outcomes
Number or proportion of cases

Three modelling studies reported on the number or proportion of
cases (Cohen 2020; Gill 2020; Head 2020). All studies predicted that
reducing the number of contacts between students would lead to
a reduction in the number or proportion of cases when compared
to operating schools without measures. One study reported a
reduction in the cumulative infection rate for teachers and school
staff from between 9.5% and 24.6% to between 0.8% to 5.5%,
and a reduction for students from between 6.4% and 17.2% to
between 0.6% to 4.1% (Cohen 2020). The magnitude of effects
varied according to the level of community transmission (Gill
2020; Head 2020), and susceptibility of individuals to a SARS-CoV-2
infection (Cohen 2020). We assessed the certainty of evidence for
this outcome as very low.

Reproduction number

Three modelling studies assessed the reproduction number (Cohen
2020; Phillips 2020; Rozhnova 2020). Two studies predicted that
compared to operating schools without reducing the number of
contacts, a reduction in the number of contacts between students
would lead to a reduction in the reproduction number. One study
graphically predicted that reducing the number of contacts, while

maintaining the number of students at 100%, did not have a large
impact on the reproduction number (Phillips 2020). The magnitude
and direction of effects varied according to the susceptibility of
individuals to a SARS-CoV-2 infection (Cohen 2020). We assessed
the certainty of evidence for this outcome as very low.

Shift in pandemic development

Two modelling studies assessed outcomes related to a shift in
pandemic development (Landeros 2020; Phillips 2020). One study
reported on the time to a stopping rule (Landeros 2020), and one
study reported on the outcome length (Phillips 2020). One study
predicted that reducing the number of contacts between students
would lead to a positive shift in pandemic development (Landeros
2020). Implementing an alternating attendance schedule by
creating rotating cohorts with a weekly rotating schedule, the
model predicts a longer period of instruction (18 to 22 weeks)
compared to a simulation in which all students attended at once
(10 to 12 weeks) until reaching the stopping rule at a cumulative
prevalence of 5%. With regards to the length of an outbreak,
one study predicts that an alternating attendance schedule, while
maintaining the number of students, performs slightly better
with regards to mean and median outbreak lengths than a non-
alternating attendance schedule (Phillips 2020), but probably not
in a significant way (results presented graphically). We assessed the
certainty of evidence for this outcome as very low.

Healthcare utilisation outcomes
Number or proportion of hospitalisations

Two modelling studies reported on the number or proportion of
individuals requiring hospitalisation due to a SARS-CoV-2 infection
(Germann 2020; Head 2020). Both studies reported that the number
or proportion of cases requiring hospitalisation was reduced by
reducing the contacts between students through implementing an
alternating attendance schedule. In one study (Germann 2020),
the model predicts that if schools reopened without measures
in place, the cumulative number of hospitalisations during the
peak four weeks of the pandemic would be 1,798,188 in the USA.
Implementing a weekly alternating attendance schedule, while
maintaining the number of students at 40%, predicted a number
of hospitalisations of 67,090 in the USA. Implementing a two-day
alternating attendance schedule, while maintaining the number of
students at 40%, the number could be further reduced to 59,056.
The second study predicts that with a reduction of contacts (Head
2020), the number of hospitalisations would decrease. Compared
to a baseline scenario in which the excess rate of hospitalisations
per 10,000 subpopulation would be 40.5 (95% confidence interval
(Cl) -46.95 to 146.64) in teachers; 0.08 (0.00 to 0.08) in students;
6.86 (95% CI -14.32 to 30.11) in household members; and 4.2
(95% CI -7.33 to 16.32) in community members, these numbers
can be reduced to 2.14 (95% Cl -47.39 to 47.85) in teachers; 0.00
(95% CI 0.00 to 0.00) for students; 0.73 (95% Cl -17.97 to 18.49)
in household members and to 0.49 (95% Cl -9.94 to 10.04) in
the general population, when contacts are reduced by 75%. The
magnitude of effects varied according to the level of community
transmission (Head 2020), co-interventions implemented in the
community (Germann 2020), and susceptibility of individuals to
a SARS-CoV-2 infection (Head 2020). We assessed the certainty of
evidence for this outcome as very low.
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Societal, economic and ecological outcomes
Numbers of days spent in school

Three modelling studies assessed the number of days spent in
school (Cohen 2020; Gill 2020; Phillips 2020). The studies reported
mixed effects. Two studies predicted that reducing the number
of contacts by implementing an alternating attendance schedule,
or enforcing that students remain within their classroom, would
lead to more days spent in school than when the number of
contacts was not reduced (Gill 2020; Phillips 2020). One study
predicted no effect: reducing the number of contacts between
cohorts alongside other countermeasures (non-pharmaceutical
interventions; screening) predictably led to an equal percentage
of school days spent at home as if no measures were in place
(~5% to 10%) (Cohen 2020). Effects varied according to the level of
community transmission (Cohen 2020; Gill 2020; Phillips 2020), and
co-interventions implemented in the community (Baxter 2020). We
assessed the certainty of evidence for this outcome as very low.

Measures making contacts safer

For all studies in this category, an overview of the study-by-study
evidence can be found in Appendix 9 and Appendix 10; Summary of
findings 2 presents the GRADE summary of findings for this body of
evidence. Here we have separated bodies of evidence that reported
on the different measures and outcomes. While we observed a
mostly consistent and positive direction of effect, we assessed the
overall certainty of evidence for all outcomes as either low or very
low due to risk of bias/study quality, indirectness and imprecision
encountered in the body of evidence.

Measures making contacts safer - wearing masks in school

Four modelling studies were concerned with wearing masks in
school (Espafia 2020; Head 2020; Panovska-Griffiths 2020a; Sruthi
2020). Overall, studies considering masks did not define or specify
the type of mask they were referring to, i.e. cloth masks or medical-
grade masks. Three studies reported on the number of cases
avoided due to the measure (Espafia 2020; Head 2020; Panovska-
Griffiths 2020a), two studies reported on the number or proportion
of deaths (Espafia 2020; Head 2020), and one study looked at the
reproduction number (Sruthi 2020). Additionally, one study looked
at the number and proportion of hospitalisations (Head 2020).

Transmission-related outcomes
Number or proportion of cases

Three modelling studies examined cases avoided due to the
intervention (Espafia 2020; Head 2020; Panovska-Griffiths 2020b).
The comparators in these studies varied, with two comparing
outcomes to the least intense measure (Espafia 2020; Panovska-
Griffiths 2020b), and one comparing outcomes to schools being
fully open with no measures. Overall, studies showed reductions
in the number or proportion of cases resulting from mandatory
mask policies. This included a reduction from 81.7 times to 3.0
times the number of infections in the community (Espafia 2020),
and a reduction from 57% to 46% of those with symptomatic
infections needing to be tested in the community under 30%
effective coverage of masks (i.e. high mask adherence and proper
face coverage with masks) (Panovska-Griffiths 2020b). A further
study found a reduction in the excess proportion of infections in
the school setting at a moderate level of community transmission
with mandatory masks among teachers and staff (1.73,95% Cl 2.32
to 6.29), as well as students (2.51, 95% CI 0.05 to 6.95), compared

to reopening with no countermeasures (teachers and staff: 14.83,
95% CI 0.93 to 29.25), students: 14.18, 95% CI 1.63 to 26.77) (Head
2020). Factors influencing the effect were the level of community
transmission as well as varying degrees of susceptibility (Head
2020). We assessed the certainty of evidence for this outcome as
very low.

Reproduction number

One modelling study examined the reproduction number (R)
(Sruthi 2020). The study found that opening schools with mask
requirements led to a reduction in R, with an estimated reduction
in the general population of R by 0.01 (95% CI 0.00 to 0.01) (Sruthi
2020). We assessed the certainty of evidence for this outcome as
very low.

Number or proportion of deaths

Two modelling studies examined the number or proportion of
deaths (Espafia 2020; Head 2020), finding consistent reductions
in the outcome. Head 2020 found that at a moderate level of
community transmission, school reopening with mandatory mask
wearing and assuming children were 50% as susceptible to
COVID-19 as adults, predicted reductions in excess proportion of
deaths among students and school staff and teachers compared
with school reopening with no countermeasures. With schools
opening at full capacity with no measures in place, at a moderate
level of community transmission, with children assumed to be half
as susceptible as adults, the study predicts that the excess number
of deaths per 10,000 of the subpopulation would be 10.3 (95% ClI
0.47 to 20.66) for teachers/staff and 2.98 (95% Cl 0.33 to 5.83) for
students. Espaiia 2020 focused on the general population, finding
that, under a scenario with high capacity and high face-mask
adherence, there would be a decrease in the ratio of the cumulative
number of deaths in the overall population of 1.5 (95% CI 1.5 to
1.6). Factors influencing the effect were the level of community
transmission as well as varying degrees of susceptibility (Head
2020). We assessed the certainty of evidence for this outcome as
very low.

Healthcare utilisation outcomes
Number or proportion of hospitalisations

One modelling study examined the number of hospitalisations
(Head 2020). It predicts that with schools opening at full capacity
with no measures in place, at a moderate level of community
transmission, with children assumed to be half as susceptible
as adults, the excess rate of hospitalisations per 10,000 of the
subpopulation among students would be 0.08 (95% CI 0.00 to
0.08) and school staff and teachers would be 40.5 (95% Cl -46.95
to 146.64), compared to the intervention scenarios. The study
predicts that mandatory mask wearing in schools when reopening
all schools would lead to reduced hospitalisations among students,
staff, household members and community members. Factors
influencing the effect were the level of community transmission as
well as varying degrees of susceptibility. We assessed the certainty
of evidence for this outcome as very low.

Measures making contacts safer - cleaning
Transmission-related outcomes
Reproduction number

One modelling study assessed the impact of an enhanced cleaning
policy on the reproduction number (Kraay 2020). The study found
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that compared to the least intense measure of eight-hourly and
four-hourly surface cleaning and disinfection, hourly cleaning and
disinfection alone could bring the fomite R below 1 in some office
settings, particularly combined with reduced shedding, but would
beinadequateinschools. This study did not take into account direct
transmission through droplet spray, aerosols and hand-to-hand
contact. We assessed the certainty of evidence for this outcome as
very low.

Measures making contacts safer - handwashing

We identified two studies that assessed the impact of handwashing
(Kraay 2020; Simonsen 2020). One used a modelling design (Kraay
2020), the other was observational (Simonsen 2020).

Transmission-related outcomes
Reproduction number

One modelling study assessed the impact of handwashing on
the reproduction number and suggested that the intervention
had no impact when compared to full school reopening with no
measures in place (Kraay 2020). While results are only presented
in a graphical way, it predicted that handwashing (hourly with
100% effectiveness) compared to no handwashing showed no
effect with regards to the projected reproduction number from
fomite transmission. We assessed the certainty of evidence for this
outcome as very low.

Other health outcomes
Incidence of hand eczema

One study (Simonsen 2020), using an observational design,
found an increase in the prevalence of hand eczema among
students in reopened schools with a handwashing intervention.
The comparator in this study was full school reopening with no
measures in place. We assessed the certainty of evidence for this
outcome as low.

Measures making contacts safer - modification of activities
Transmission-related outcomes
Reproduction number

One modelling study assessed the impact of changing the length
of the school day (Lazebnik 2020), and found that increasing the
school day to between 8 and 9 hours each day for five days would
reduce R by 0.83 compared to the least intense measure of a policy
in which children go to school every other day for five hours. We
assessed the certainty of evidence for this outcome as very low.

Measures making contacts safer - ventilation
Transmission-related outcomes

Inhaled dose of aerosol particles containing RNA virus in the room and
inhaled dose of RNA virus for a susceptible person

One modelling study assessed the effect of four air purifiers with
an air exchange rate of 5.7 L/h and equipped with HEPA filters in a
single high school classroom (Curtius 2020). Using air purifiers, for
a person spending two hours in a room with an infectious person,
theinhaled dose of particles containing RNA virusis predicted to be
reduced by a factor of six, compared to a closed classroom with no
air purifiers. We assessed the certainty of evidence for this outcome
as very low.

Measures making contacts safer - combined measures to make
contacts safer

We identified five modelling studies assessing multicomponent
interventions aimed at making contacts safer (Cohen 2020;
Germann 2020; Gill 2020; Monod 2020; Phillips 2020), where it
was not possible to disaggregate the effects of each individual
intervention. These studies employed different combinations of
mask wearing, hand hygiene, respiratory etiquette, enhanced
cleaning, modification of activities, physical distancing, and
exclusion of high-risk students from attending school. Findings
showed a reduction in the number of cases, but there were mixed
effects regarding changes to the reproduction number and the
number of hospitalisations. Three of the studies used full school
reopening with no measures in place as the comparator (Cohen
2020; Gill 2020; Monod 2020), and two studies used the least intense
measure (Germann 2020; Phillips 2020).

Transmission-related outcomes
Number or proportion of cases

Four modelling studies looked at cases avoided (Cohen 2020;
Germann 2020; Gill 2020; Monod 2020). Three studies reported
the (cumulative) number of cases or the attack rate. All but
one of the studies predicted that multicomponent interventions
reduced the number of cases in the community (Gill 2020;
Germann 2020), and in the school (Cohen 2020; Gill 2020). For
the study that reported on community-level transmission, it was
found that implementing a variety of infection control measures
would lead to a reduction in the total number of infections,
although specific figures were not reported (Gill 2020). Studies
also showed a reduction in the number of cases in scenarios
where schools reopened with partial online learning and 'ideal
social distancing' (assumed 50% reduction in contacts due to face
masks, hygiene, and distancing measures) compared to scenarios
with no countermeasures (Germann 2020). Studies that reported
on school-level outcomes found that implementing a variety of
infection control measures led to a four-fold reduction in the
cumulative COVID-19 infection rate among students, teachers,
and staff (Cohen 2020), and a reduction in the total number of
infections, although specific figures were not reported (Gill 2020).
For one study, the direction of effect was unclear due to reporting
(Monod 2020). We assessed the certainty of evidence for this
outcome as very low.

Reproduction number

Two modelling studies examined the reproduction number (Cohen
2020; Phillips 2020). Both studies found a reduction in R, however,
results were only presented graphically, making it difficult to
determine effect sizes. Findings from one study showed that
implementing countermeasures that limit transmission and detect,
trace, and quarantine cases within schools, compared to reopening
with no countermeasures, reduces the effective reproduction
numberto <1 (Cohen 2020). The other study only presented results
pertaining to the reproduction number in a graphical way. With this
limited evidence, the study implied that the effective reproduction
number would be lower in low-transmission settings. We assessed
the certainty of evidence for this outcome as very low.

Number or proportion of deaths

Two modelling studies examined the number or proportion of
deaths (Germann 2020; Monod 2020), finding mixed results. One
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study found that when fewer workplaces were open, all four 40%
partial online learning scenarios with alternating days or weeks
of attendance, were found to reduce deaths (Germann 2020). Full
school reopening with no countermeasures was predicted to result
in 230,451 deaths. In contrast, this decreased to 25,474 deaths
where a 50% reduction in contacts due to mask wearing was
modelled and to 27,874 deaths with reduced social distancing with
minimal mask use. The other study estimated a 12.6% (95% CI
7.4% to 22.7%) increase in deaths among children and the general
population as a result of schools reopening with countermeasures,
compared to keeping schools closed (Monod 2020). We assessed
the certainty of evidence for this outcome as very low.

Shift in pandemic development

One modelling study examined the shift in pandemic development
(Germann 2020), reporting positive results. Findings showed that
when fewer workplaces were open, 40% partial online learning
scenarios, with 'ideal social distancing' (a 50% reduction in contacts
due to face masks, hygiene, and distancing measures) increased
the time to peak prevalence from 66 days when schools were fully
reopened with no countermeasures in place to 178 days. The study
found the results of its simulations to be highly dependent on the
number of workplaces assumed to be open for in-person business,
as well as the initial COVID-19 incidence within the community. We
assessed the certainty of evidence for this outcome as very low.

Healthcare utilisation outcomes
Number or proportion of cases requiring hospitalisation

One modelling study examined the number or proportion of cases
requiring hospitalisation (Germann 2020). The study predicted
that when fewer workplaces were open, all four 40% partial
online learning scenarios, with ideal social distancing (defined as
a 50% reduction in contacts due to physical distancing, hygiene
and masks), were found to avert between 543,977 and 1,708,197
hospitalisations. Moreover, for these scenarios, hospitalised cases
during the peak four weeks ranged from 59,056 to 354,878
compared to a baseline scenario of 685,747 with schools reopening
with full attendance and no measures in place. We assessed the
certainty of evidence for this outcome as very low.

Societal, economic and ecological outcomes
Numbers of days spent in school

Two modelling studies examined the impact of the intervention
on the number of days spent in school (Gill 2020; Phillips 2020).
One study found that at very low community infection rates (10
reported infections per 100,000 population over the last seven
days), most students can expect to attend nearly every day even in
schools operating full-time, as long as schools implement multiple
interventions. It is not possible to determine effect size due to lack
of reporting (Gill 2020). The other study compared high with low
transmission settings in primary schools. Except for a ratio of 30:1,
the number of student days lost to closure was consistently higher
in low transmission settings (Phillips 2020).

Surveillance and response measures

For all studies in this category, an overview of the study-by-study
evidence can be found in Appendix 11, Appendix 12 and Appendix
13; Summary of findings 3 presents the GRADE summary of findings
for this body of evidence. Here, we have separated bodies of
evidence that reported on the different measures and outcomes.

While we observed a mostly consistent and positive direction
of effect, we assessed the overall certainty of evidence for all
outcomes as very low due to risk of bias/study quality, indirectness
and imprecision encountered in the body of evidence.

Mass testing and isolation measures

Among studies looking at mass testing and isolation, 11 studies
used modelling study designs (Campbell 2020b; Cohen 2020; Di
Domenico 2020a; Gill 2020; Head 2020; Landeros 2020; Lyng 2020;
Panovska-Griffiths 2020a; Panovska-Griffiths 2020b; Tupper 2020;
Williams 2020), and one study used an observational design (Hoehl
2020). Nine studies assessed transmission-related outcomes
(Cohen 2020; Di Domenico 2020a; Head 2020; Landeros 2020; Lyng
2020; Panovska-Griffiths 2020a; Panovska-Griffiths 2020b; Tupper
2020; Williams 2020), one study assessed healthcare utilisation
outcomes (Head 2020), and four studies examined societal
outcomes (Campbell 2020b; Gill 2020; Lyng 2020; Williams 2020).
One study assessed the number of cases detected (Hoehl 2020).
Overall, the studies yielded positive outcomes. However, these
measures were often implemented alongside other transmission
mitigation measures, such as physical distancing and cohorting
strategies which may have moderated the effects of the testing and
isolation strategies. Furthermore, the effectiveness of measures
was also dependent on the level of community transmission.
Outcome measures were also not reported consistently, making it
difficult to pool estimates of effect sizes across studies.

Transmission-related outcomes
Number or proportion of cases

Seven modelling studies looked at the number or proportion of
cases (Cohen 2020; Di Domenico 2020a; Head 2020; Lyng 2020;
Panovska-Griffiths 2020a; Tupper 2020; Williams 2020). All studies
showed positive results, however all studies assessed testing
and isolation strategies alongside other countermeasures. For
example, Cohen 2020 found that measures that limit transmission
and detect, trace and quarantine cases within schools could
lead to reductions in the cumulative COVID-19 infection rate
among students, teachers and staff by over 14-fold. However,
these measures wereimplemented alongside classroom cohorting,
face masks, physical distancing and handwashing protocols in
schools, so it is not possible to comment on the impact
of these measures alone. Head 2020 suggested that although
testing and isolation strategies could lead to reductions in
transmission, their effectiveness on their own was low, and when
combined with strict social-distancing measures and a reduction
in community transmission, they could be more effective. Di
Domenico 2020a assessed the impact of several different reopening
strategies from partial, progressive, or full school reopening
coupled with moderate social-distancing interventions and large-
scale testing, tracing, and isolation measures. It is therefore
impossible to comment on the effectiveness of testing and isolation
strategies alone in this study.

The comparators used for these studies varied, with two studies
comparing outcomes to full school reopening with no measures in
place (Cohen 2020; Di Domenico 2020a), four studies comparing
outcomes to the least intense measure (Lyng 2020; Panovska-
Griffiths 2020a; Tupper 2020; Williams 2020), and one study
comparing outcomes to a single intervention component (Lyng
2020). Moderating factors for the impact of outcomes included
relative susceptibility and infectiousness of children and extent of
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community transmission amid opening (Head 2020; Lyng 2020). We
assessed the certainty of evidence for this outcome as very low.

Number of cases detected

One observational study looked at the impact of testing strategies
on the number of cases detected due to the intervention (Hoehl
2020). The study evaluated the application of a self-testing strategy.
Compared to the least intense measure of no testing, the strategy
found an increase in detected cases. It also found that 10,768
(99.4%) antigen tests were recorded to have been valid, 47 (0.43%)
were recorded as invalid, and 16 (0.15%) gave false-positive results.
We assessed the certainty of evidence for this outcome as very low.

Reproduction number

One modelling study looked at the impact of two different testing
strategies on the reproduction number in schools (Panovska-
Griffiths 2020a), and found that test-trace-isolate strategies would
need to test a sufficiently large proportion of the population
with symptomatic COVID-19 infection and trace their contacts
with sufficiently large coverage, for R to diminish below 1. The
comparator used in this study was the least intense measure or the
least intense testing strategy. We assessed the certainty of evidence
for this outcome as very low.

Number or proportion of deaths

Two modelling studies assessed the impact of testing and isolation
strategies on the number and proportion of deaths and found
positive results overall (Head 2020; Panovska-Griffiths 2020a). One
study only showed results in a graphical way and suggested that
more intense testing and isolation measures would lead to fewer
deaths than less intense measures (Panovska-Griffiths 2020a). The
other study predicted that there would be a lower proportion of
deaths for teachers, students, and in the community, if a testing
strategy was implemented, compared to full school reopening with
no measures in place (Head 2020). The effect sizes are moderated
by the model parameters, such as relative susceptibility and
infectiousness of children, and extent of community transmission
amid reopening. We assessed the certainty of evidence for this
outcome as very low.

Shift in pandemic development

The four modelling studies that assessed the impact of testing
and isolation strategies on the timing and progression of the
epidemic (Landeros 2020; Panovska-Griffiths 2020a; Panovska-
Griffiths 2020b; Williams 2020), found that testing and isolation
could slow or prevent a second wave of the epidemic compared
to full reopening with no measures in place, or to a less intense
testing and isolation intervention. The studies suggest that the
timing of the epidemic depends on the degree to which testing and
isolation strategies are being implemented and the combination
of testing and tracing, with one study suggesting that daily testing
levels of between 8% and 11% would be required in order to avoid a
second wave of the pandemic (Panovska-Griffiths 2020b). Landeros
2020 demonstrated that reopening schools with a surveillance
programme in place may provide 10 to 12 weeks of continuous
instruction with low infection risk. Infections after the closure of
schools are driven by a lack of interventions outside of school. It
was therefore suggested that testing and isolation in this context,
can curtail this growth within schools, in order to counter the lack
of interventions in the community.

Across studies, the level of community transmission of SARS-CoV-2
seemed to impact the magnitude of the effect of the testing and
isolation strategies employed. Further, measures such as masks,
and hygiene policies, and compliance with these measures, also
seemed to influence outcomes. We assessed the certainty of
evidence for this outcome as very low.

Healthcare utilisation outcomes
Number or proportion of hospitalisations

One modelling study found that reopening schools with a
weekly or monthly testing strategy for teachers and students
would lead to a higher number of hospitalisations compared to
reopening under strategies to reduce contacts (Head 2020). The
effect sizes are moderated by the model parameters, such as
relative susceptibility and infectiousness of children, and extent
of community transmission amid reopenings. We assessed the
certainty of evidence for this outcome as very low.

Societal, economic and ecological outcomes
Number of days spent in school

One modelling study looked at the number of days spent in the
classroom in scenarios where testing and isolation measures were
implemented (Gill 2020), and found that policies closing the school
(for 3 days or 14 days) upon detection of infections, substantially
reduced the total number of days that students can attend in
person compared to fully reopening schools with no measures in
place. These effects are larger in schools operating full-time than
in schools using hybrid approaches because schools using hybrid
approaches experienced fewer infections that led to quarantines
or closures. Therefore, although isolation measures will inevitably
lead to days lost in school, the number of days will be influenced
by other countermeasures that are being implemented at the same
time, as well as the length of quarantine/school closure upon
detection of cases. We assessed the certainty of evidence for this
outcome as very low.

Resource costs

Three modelling studies looked at the impact of testing and
isolation strategies on resources and found mixed -effects
(Campbell 2020b; Lyng 2020; Williams 2020). The studies all
compared the impact of the intervention as compared to the
least intense testing strategy. One study used health economic
modelling to look at the human resource costs of testing strategies
(Campbell 2020b). The study found that testing of at-risk groups,
in particular testing all 6,012,144 students and employees in
primary and secondary schools over 1.5 months would require an
additional 20,956 healthcare professionals, 22,950 administrative
staff and 22,462 laboratory staff, costing CAD 816.0 million,
compared to no intervention, demonstrating that the intervention
had an overall negative impact on resources. One study found that
frequent testing strategies can reduce the rate of new infections
compared to scenarios where there is no testing at all (Lyng 2020).
The study found that a 98% sensitive test, with no delay in results,
administered every three days with pooling, and no confirmatory
test offered by the institution costs less than USD 1.50 per person
per day, with high performance. Another study looking at different
testing strategies found no effect on resources. It is difficult to
compare or synthesise findings across these studies due to the fact
thatthey all assess different strategies in terms of intensity and type
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of testing. We assessed the certainty of evidence for this outcome
as very low.

Symptom-based screening and quarantine measures

Two modelling studies looked at symptom-based screening and
quarantine measures and showed a reduction in the number of
cases due to theintervention (Bershteyn 2020; Burns A 2020). These
studies found that policies that screen and isolate suspected cases
can, overall, decrease the attack rate compared to fully reopening
schools with no measures in place. As predicted by the studies, the
most effective testing and isolation strategies used a combination
of early testing together with symptom screening and isolation
of symptomatic cases. Bershteyn 2020 assessed the proportion of
cases that could be reduced due to the intervention, and found
an overall reduction of in-school transmission from 26% to 71.1%,
depending on the level and timing of testing. Burns A 2020 assessed
the impact of symptom-based testing and isolation on the attack
rate and found that symptom-based detection and isolation could
reduce the attack rate by up to 15%.

Transmission-related outcomes
Number or proportion of cases

The two studies that looked at symptom-based screening and
quarantine found that policies that screen and isolate suspected
cases can, overall, decrease the attack rate compared to full school
reopening with no measures in place (Bershteyn 2020; Burns
A 2020). The studies found that the most effective testing and
isolation strategies used a combination of early testing, together
with symptom screening and isolation of symptomatic cases. These
strategies were often implemented alongside other transmission
mitigation measures, such as physical distancing and cohorting, so
it is not possible to assess the impact of symptom screening and
quarantine measures alone. We assessed the certainty of evidence
for this outcome as very low.

Shift in pandemic development

One modelling study found that with no testing policy in place
(Burns A 2020), the peak number of infected school staff and
students is assumed to be 148 (interquartile range (IQR) 82 to
213), and the interval between the first and last day, with at
least two cases, would be 139 (IQR 120 to 154). Implementing a
policy of two days of home isolation, following the last episode
of fever, predicted a reduction in all outcome categories: the
peak number of infected people is predicted to sink to 124 (IQR
58 to 184). The interval between the first and last day, with
at least two cases, would increase to 145 (IQR 127 to 157).
The study measured a strategy that was implemented alongside
other transmission mitigation interventions, such as cohorting and
physical distancing, so it is not possible to assess the impact of
symptom-based screening and quarantine measures alone. We
assessed the certainty of evidence for this outcome as very low.

Multicomponent measures

For all studies in this category, an overview of the study-by-study
evidence can be found in Appendix 14 and Appendix 15; Summary
of findings 4 presents the GRADE summary of findings for this
body of evidence. Here, we have separated bodies of evidence
that reported on the different measures and outcomes. While we
observed a mostly consistent and positive direction of effect, we
assessed the overall certainty of evidence for all outcomes as very

low due to risk of bias/study quality, indirectness and imprecision
encountered in the body of evidence.

Transmission-related outcomes
Number or proportion of cases

Three studies assessed the number or proportion of cases
(Isphording 2020; Naimark 2020; Vlachos 2020).

One experimental study showed a positive effect that
multicomponent measures reduced the number of cases
(Isphording 2020), and found that implementing a variety of
infection control measures led to a reduced cumulative infection
rate (Isphording 2020). The observational study showed a negative
effect (Vlachos 2020), finding that exposure to open rather than
closed schools resulted in a small increase in PCR-confirmed
infections. We assessed the certainty of evidence for this outcome
as low.

One modelling study compared a multicomponent measure
consisting of: i) reducing the number of students; ii) reducing
the number of contacts; iii) universal masking; iv) alternating
attendance schedules in high schools; and v) symptom-based
isolation, to full school closures. The study found that there was an
increase in the predicted number of infections when reopening with
measures compared to a full school closure scenario. We assessed
the certainty of evidence for this outcome as very low.

Implementation

With regards to context, reporting on implementation of the
respective measures has been scarce. Some studies accounted for
adherence to the intervention in their models (e.g. Espafia 2020;
Keeling 2020; Lee 2020; Panovska-Griffiths 2020b; Rozhnova 2020),
or was referred to as a relevant aspect influencing the effectiveness
of measures implemented in the school setting.

As implementation agents, actors at multiple levels have been
referred to as: agents at the national or subnational level (e.g.
health authorities; Simonsen 2020); agents at the school level (e.g.
teachers conducting self-testing; Hoeh[2020); household members
(e.g. parents); as well as actors outside of the school setting (e.g.
healthcare professionals; Campbell 2020b).

As in the scoping review, we identified very little information on
exactly how these measures are implemented within the school
setting or the strategies used to implement an intervention (e.g.
enforcement). One study reported enforcement and facilitating
strategies for surveillance measures. These included remote
monitoring of isolation, penalty for non-compliance, help in
maintaining home isolation, as well as provision of thermometers
for screening (Burns A 2020). One study reported training of
teachers conducting self-testing (Hoehl 2020). In another study,
the strictness of measures implemented in the community was
described as mild (Vlachos 2020).

DISCUSSION

Summary of main results

Our primary objective was to assess the effectiveness of measures
implemented in the school setting to safely reopen schools, or
keep schools open, or both, during the COVID-19 pandemic. This
rapid review found studies that focused on the effectiveness
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of school measures on several SARS-CoV-2/COVID-19-related
outcomes across four broad intervention categories including:
i) measures reducing the opportunity for contacts; ii) measures
making contacts safer; iii) surveillance and response measures;
and iv) multicomponent measures. While studies used various
study designs, the majority of them used modelling. Overall, while
studies showed variable reductions in transmission and healthcare
utilisation-related outcomes, the evidence available at the time the
searches were conducted was of limited quality. Thus, thereis much
uncertainty regarding the true effect of most measures. Thus, it is
likely that the true effects of most measures remain unknown. Most
studies, regardless of the intervention category in which they were
included, assessed the effects of a combination of interventions,
which could not be disentangled to examine individual effects,
making the interpretation of the results, and the ability to comment
on the effectiveness of individual measures difficult. Across all
intervention types and outcome measures, there were a number of
factors that could potentially explain the variation in the direction
and/or magnitude of results, including the level of community
transmission, the susceptibility of target populations, and type
of schooling (i.e. primary versus secondary). Below, we describe
studies identified within the four broad intervention categories.

In measures reducing the opportunityfor contacts, we
summarised measures to reduce contacts between individuals,
or cohorts, or both, as well as measures to reduce the number
of students in attendance, which ultimately lead to a reduction
of contacts by design. Overall, the studies included in this
category consistently predicted outcomes in a positive direction
with regards to transmission-related outcomes and healthcare
utilisation outcomes; they also showed a reduction in the number
of days spent in school due to the intervention, but in some cases,
the initial reduction in days spent in school was offset by an
increase the number of intended days spent in school due to their
ability to prevent days lost due to quarantine or isolation. There
were some differences in the direction of the effect for different
types of interventions to reduce the opportunity for contacts (i.e.
alternating attendance schedules, staggered start/finish times).
Overall, very low-certainty evidence showed a reduction in the
number of cases, reproductive number, hospitalisations, and ICU
admissions, as well as days of school missed.

Under measures making contacts safer, we summarised findings
with regards to policies and practices ensuring safe contacts
between individuals. These include measures such as mask-
wearing policies, handwashing policies, and enhanced cleaning
and ventilation procedures and systems. We found several
modelling studies and one observational study that fit into
this category. Overall, the evidence showed a reduction in the
number of cases, reproduction number, hospitalisations, and ICU
admissions, as well as days of school missed, but the certainty
of evidence was very low for studies assessing mask-wearing
policies, modification of activities, and cleaning and ventilation
procedures and systems. Two studies assessing handwashing
policies showed either negative or no effects, with one study
of low certainty showing an increase in hand eczema due to
a handwashing policy introduced once schools reopened and
another study of very low certainty showing no effect, although
results were only presented graphically. Evidence on interventions
combining multiple measures to make contacts safer was of very
low certainty and showed mixed results in terms of a reduction in
the number of cases, reduction in the number of deaths, shift in

pandemic development, as well as days of school missed, however,
they did show a reduction in the reproduction number and the
number or proportion of hospitalisations.

We identified several modelling studies, one quasi-experimental
and one observational study focused on surveillance and response
measures, including testing and isolation, and symptomatic
screening and isolation. Overall, very low-certainty evidence
showed that implementing measures to detect, trace, and
quarantine cases within schools could lead to reductions in the
COVID-19 infection/transmission rate among students, teachers,
and staff, and could also slow or prevent a second wave of the
epidemic, and reduce the reproduction number and number or
proportion of deaths. The most effective testing and isolation
strategies used a combination of early testing together with
symptom screening and isolation of symptomatic cases, with one
study finding that opening schools was likely to more rapidly
increase the death count if asymptomatic testing and tracing
strategies were not implemented. There was mixed evidence on the
costs and human resource costs of surveillance measures, but there
was generally evidence that surveillance and response measures
could reduce the number of hospitalisations and the number of
school days missed. Studies that assess symptom-based screening
and isolation measures also showed some evidence to suggest that
such measures could reduce the number or proportion of infections
and could reduce the peak number of people infected during the
pandemic, however the certainty of evidence was very low.

We found three additional studies assessing multicomponent
measuresthat combined measures to make contacts safer or
reduce the opportunity for contacts with measures reducing the
number of contacts and surveillance and response measures. Two
observational/quasi-experimental studies with very low-certainty
evidence, showed mixed results on the impact of these measures
on reducing the number or proportion of cases, but this is likely due
to the fact that the comparator used in both studies was full school
closure. One modelling study with very low-certainty evidence,
showed that reopening schools with such measures in place would
still lead to a higher number or proportion of cases as compared to
when schools were closed.

Overall completeness and applicability of the evidence

Consistent with the scoping review on which this rapid review
is based (Krishnaratne 2020), we identified studies assessing a
broad range of measures implemented in the school setting to
safely reopen schools, or keep schools open, or both, during the
COVID-19 pandemic. We identified studies examining outcomes
across all categories identified in the scoping review. To that
end, we identified sufficient studies to address the objectives of
this review. Our findings within this rapid review mostly aligned
with the scoping review (Krishnaratne 2020). As in Krishnaratne
2020, we identified some gaps in the evidence base relating to
setting, socioeconomic inequality, study design, and outcomes.
Additionally, it should be noted that in modelling the population,
setting, context and interventions, modelling studies all make a
series of assumptions; some of these are closer to real-world
conditions than others. Our evidence gap map visualises the areas
in which more evidence is needed (Figure 3).

While we used the logic model resulting from the scoping review
to inform the protocol for this rapid review (Krishnaratne 2021),
we adapted the logic model based on what we found in our
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analysis (Figure 2). The major change was the restructuring of the
intervention categories: while analysing the pathways between
measure and effect, we felt that the intervention categories did
not fully grasp the mechanisms of interest. We also removed the
levels of interventions because our analyses showed that the
line between intervention levels was often blurry, in particular
with regards to measures which were only modelled and not
implemented in a real-world setting. Lastly, we updated the
outcome box of the logic model integrating the outcomes we
encountered during data extraction.

Population

Regarding the populations assessed, most modelling studies
across all intervention categories considered outcomes in the
general population, but not always within the population in which
the measure was implemented, that is students and school staff.
Observational and quasi-experimental studies used data on the
populations being targeted by the intervention, including teachers
and students.

Setting

We identified evidence from several different countries, however
most of these were high-income countries in North America and
Europe, with limited evidence from Asia, Australia, and South
America, and no evidence from Africa. This is likely to have
implications with regards to the transferability and generalisability
of these findings to other countries, in particular with regards to
low- and middle-income settings. In terms of the actual school
setting, studies assessed measures implemented both in primary
and secondary school settings but also looked at outcomes in
the wider community. Most studies did not differentiate between
different school types (i.e. primary and secondary) and if they
did, they focused on the primary school setting. There are
various differences in contextual conditions between school types,
such as changing classrooms, size of the buildings, commuting
styles, and children’s age, whereby studies have reported lower
levels of transmission among younger compared to older children
(Cohen 2020; Gill 2020; Lazebnik 2020). Thus, evidence which
separates findings according to school type would be useful to
inform decision-making. Given the publication dates of the studies
included, much of the identified evidence relates to early stages of
the pandemic. Therefore, there is a need for more data from the
later stages of the pandemic.

Intervention

We found a range of different interventions which all aligned with
the three main categories described in the a posteriori model
of our scoping review. Most included studies assessed measures
to reduce the opportunity for contacts in schools, followed by
surveillance and response measures to make contacts safer, and
lastly multicomponent measures. With regards to reducing the
opportunity for contacts, the way in which the number of contacts
was reduced differed across the included studies, comprising
reduction of students on the level of an entire school versus
reduction of students on the level of a single class. As stated,
the majority of studies identified used modelling designs which is
why the reporting on the components of the measures was mostly
scarce. Interestingly, the category on multicomponent measures
includes two real-world studies and only one modelling study.
While the real-world studies would have offered valuable insight
on the impact of measures such as masks, the way in which the

measures were reported and presented, made it impossible to
draw conclusions with regards to single intervention components.
While we did identify more observational and quasi-experimental
studies in the rapid review than in the scoping review, the vast
majority of studies used modelling. Further, as will be discussed
in more detail below, the certainty of the evidence was often very
low, so the ability for interpretation of findings from these studies
is limited. Also, the evidence in some intervention categories
was sparse and did not allow for a comprehensive or robust
synthesis. This was particularly the case for interventions aimed at
making contacts safer, including mask-wearing and handwashing
policies, modification of activities, and enhanced cleaning and
ventilation policies. Therefore, the current synthesis is mainly
focused on interventions to reduce the opportunity for contacts
and surveillance and response measures.

Outcomes

Studies presented findings across four broad outcome categories
including: i) transmission-related outcomes; ii) healthcare
utilisation outcomes; iii) other health outcomes; and (iv) societal,
economic and ecological outcomes. As with the scoping review
(Krishnaratne 2020), most studies identified in this rapid review
focused on transmission-related outcomes, including the number
or proportion of cases, number of detected cases, the reproduction
number, the size or timing of the epidemic, or the number or
proportion of deaths. Less commonly reported outcomes included
healthcare utilisation outcomes, such as the number or proportion
of hospitalisations or ICU beds needed. Other health outcomes
included physical health, namely hand eczema as a result
of increased handwashing. Societal, economic and ecological
outcomes included human resource costs and financial costs of the
intervention, as well as the intended and unintended number of
days spent in school or the number of school days lost due to the
intervention. No included studies assessed unintended outcomes
concerned with potential adverse effects in terms of psychosocial
health (e.g. isolation and lack of social interaction), educational
outcomes (e.g. school grades, passing of final exams, graduation
to next grade, learning outcomes, scores on standardised tests) or
broader societal implications (e.g. employment). This represents
a major limitation regarding the completeness of the evidence, as
this information is important to assess the benefits and harms of
the measures.

Context and implementation

There were some gaps in the evidence in terms of context,
specifically regarding the geographic focus of the studies. Overall,
studies fell short in reporting on contextual aspects, such as
cultural, legal or socioeconomic factors. When it comes to
transferring these measures to other contexts, the lack of reporting
on these aspects has implications on the assessment of feasibility,
acceptability and transferability of measures, as well as the need
for their adaptation. Further, as the majority of studies included in
the review were modelling studies, there is a lack of empirical, real-
world data, which means that there are very little data on the actual
implementation of interventions - one of the key objectives of this
review. Some included studies acknowledged that adherence to
or compliance with interventions might influence implementation
(Bershteyn 2020; Burns A 2020; Landeros 2020; Panovska-Griffiths
2020b). The one study that assessed a ventilation intervention
mentioned cost, noise, size, and position of the ventilation device
as factors influencing implementation (Curtius 2020), and one
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study suggested that intervention fidelity may have influenced the
effect of the intervention (Simonsen 2020).

Study design

Most included studies used modelling study designs (N = 33).
Modelling studies become necessary to address the complex
phenomena investigated and there are no generally agreed-
upon principles of how such studies need to be conducted,
although several studies have offered guidance in this regard
(Ramos 2015). Consequently, various study designs and types
of models have been encountered, ranging from simple
deterministic compartmental models described by ordinary
differential equations or highly detailed agent-based simulations.
The quality of each model has been assessed case-by-case,
but some general concerns with regards to the usefulness of
models emerged in this review. Most studies investigated combined
interventions that could not be disentangled to examine individual
effects, such that results are difficult to apply in the context of this
review. Also, the way in which measures have been implemented
in a model differs. For example, the way in which the measure
"mask" is implemented in a model can express itself in the same
way as the measure "contact reduction". While this makes no
difference to the equation, this has implications with regards to
the transferability of these findings to the real world, the design
of the measure as well as its actual implementation. Additionally,
results are difficult to compare across the included modelling
studies as these assumed a heterogeneous set of settings and
scopes, which is only directly applicable within the well-defined
context of the respective model, hindering generalisation of the
results. Furthermore, there are appreciable quality concerns in
some studies, which limits their usefulness in contributing to the
body of evidence established in this review. This highlights the
importance of generating more high-quality modelling studies in
order to contribute to the body of evidence in a meaningful way.
Whilst modelling studies do have their merits in predicting complex
outcomes, it is especially important that primary data are collected
and reported going forwards.

Sources of heterogeneity

As part of the narrative synthesis, we carefully documented
and assessed potential sources of heterogeneity. In both the
modelling and observational studies, assumptions with regards
to co-interventions in place, level of community transmission,
context, as well as implementation, differed widely. Measures
likely varied in effectiveness according to the stage of the
pandemic, the number and type of co-interventions in place in
the community, school contextual differences, and the level of
community transmission. Whilst co-interventions and the level
of community transmission were reported in most studies, this
allowed the results to be interpreted according to context but
not to be systematically compared through subgroup analysis.
Modelling studies across all intervention categories differed in
the methodologies they employed and assessed a broad range of
potential factors, generally relating to properties of the pandemic,
the broader community context, and the presence or absence of
other measures being implemented in the communities, such as:

« COVID-19 pandemic: studies suggest that the level of community
transmission and the proportion of asymptomatic cases play a
role;

« susceptibility of the target population: studies suggest that
the susceptibility of the target population of the intervention
to the pandemic may influence the effectiveness of the
intervention (i.e. younger students being less susceptible than
older students);

« other public health measures: whether other public health
measures, such as a stay-at-home order and testing and contact
tracing, are in place in the communities where school measures
are implemented;

« implementation of the intervention: factors related to the earlier
or later timing of implementation of the intervention, and
compliance with the measures influenced effectiveness.

Certainty of the evidence

Overall, the GRADE process found the certainty of evidence to
be low or very low for each intervention category and outcome
combination; we can therefore not be confident in the findings.
The true effects may be or are likely to be substantially different
from the estimates of effect described in the studies. Across all
outcomes, we downgraded the evidence to 'very low' mainly due to
risk of bias and indirectness. We also downgraded some outcomes
due to inconsistencies and imprecision.

In observational studies, we downgraded for risk of bias if we
assessed any of the studies contributing to a body of evidence
as having an overall rating of moderate or serious risk of bias in
ROBINS-I (Sterne 2016). Across all observational studies, risk of
bias was most often introduced due to deviations from intended
interventions or due to missing data. We assessed one study using
QUADAS-2 (Whiting 2011), as it assessed the effect of screening and
intervention with respect to how many cases could be identified.
We also downgraded this study for risk of bias due to lack of clarity
about strategies to mitigate bias in the study.

Modelling studies contributed evidence to all four intervention
categories. Although modelling studies differed in quality, we
downgraded most bodies of evidence comprising modelling
studies due to serious concerns about the quality of the modelling
in at least some aspects. The frequent lack of external validation
procedures warranted concerns about the validity of predictions
in most studies. Other quality concerns varied across studies,
but most often had to do with the inappropriate or unrealistic
assumptions related to structural elements of the model or the
model input data, and an inappropriate or insufficient assessment
of uncertainty.

Further, across modelling studies, we consistently downgraded
the evidence for imprecision if only a single study contributed to
one outcome, as this limited our confidence that the predictions
in that study were a precise estimate of true effects. We also
downgraded for imprecision when models had high levels of
uncertainty, and when multiple studies showed unclear effects.
Some of the modelling studies provided no estimates of effect (e.g.
data presented in a graphical way), and many studies provided
estimates of effect (e.g. number of deaths avoided) with insufficient
information on the precision (e.g. confidence intervals). Given the
nature of the data and models, it is plausible that the uncertainty
in estimates is wide, and such information would be necessary for
an appropriate interpretation of the study findings. We therefore
downgraded for imprecision as well. We also downgraded studies
for indirectness due to concerns about the external validation of
the model. Specifically, we downgraded evidence for indirectness
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when there was no external validation of the model(s), as it
created uncertainties in assessing how directly the model outputs
relate to our review question. Despite the challenges of external
validation, particularly within the context of an ongoing pandemic,
itisimportant that findings are generalisable to a wider population;
the lack of external validity reduced our confidence. In some cases,
we downgraded for inconsistency due to inconsistent effects in
the studies contributing to the outcome (i.e. when effect estimates
across studies varied).

Potential biases in the review process

There are several limitations to this review. We followed
transparent and systematic rapid review conduct throughout the
review process, whilst keeping to a tight timeline. The protocol was
approved by Cochrane in January 2021 (Krishnaratne 2021). The
search, according to the approved search strategy was conducted in
December 2020. We only included the data from studies published
before 8 December 2020 in this review. We conducted a search of
the Cochrane COVID-19 Study Register in August 2021; however, we
did not conduct data extraction or risk of bias assessment on the
16 studies awaiting classification (Studies awaiting classification).
This constitutes a potential source of bias. We will, however,
consider these studies in a future update of this rapid review.

Whilst most aspects of the review were completed in accordance
with systematic reviewing according to Cochrane standards, we
followed the Cochrane guidance on conducting rapid reviews
(Garritty 2020). Potential biases related to the rapid nature of the
review were mitigated through regular team meetings, piloting
and calibration at each screening and the data extraction stages,
and maintaining a list of rolling questions to ensure consistency.
This rapid review also built upon a preceding scoping review
(Krishnaratne 2020).

In order to mitigate bias in decision-making and interpretation and
synthesis of findings, the inclusion criteria covered a large range of
study designs and included preprint publications due to the novel
nature of the COVID-19 challenges and the associated young and
rapidly growing body of literature. We also applied GRADE to assess
the certainty of evidence according to each potential category of
intervention and outcome, and assessed studies for risk of bias/
quality using appropriate risk of bias assessment tools according to
study design. This included an adapted tool for modelling studies
which was recently designed for a rapid review of international
travel-related control measures to contain COVID-19 (Burns J 2021).

Our comprehensive search strategy was designed and undertaken
by an information specialist in line with Cochrane guidance for
rapid reviews. The search incorporated databases to capture
preprints. Inclusion of more databases may have captured further
relevant studies but may also have lengthened the time needed
to carry out the review, whereas the current situation demands
timely evidence to inform policy-makers’ decisions around school
measures.

The dominance of modelling studies is a potential source of
bias within this rapid review. As most of the included studies
handle complex questions and phenomena, mathematical models
make use of a combination of epidemiological knowledge and
modelling assumptions in an attempt to answer these questions.
Such modelling studies are prone to introducing risk of bias due to
many implicit or explicit assumptions and a usually considerable

amount of input data or parameters that have to be specified.
However, it is typical of a global pandemic that evidence is needed
rapidly, and data collection is often difficult and complex, such
that modelling studies are used as a method of prediction to
inform policy decisions in lieu of primary data. A further issue
is that many modelling studies did not clearly describe the
hypothetical interventions implemented and did not allow for
the separate analysis of how individual intervention components
of multicomponent or combined interventions exerted effects on
the respective outcomes. Further, the assumptions made within
the models varied across studies, adding another source of
heterogeneity.

As mentioned previously, many of the studies that we identified
assessed the impact of measures implemented within the school
setting on outcomes within the broader community, even if they
did not have any direct connection with the school setting. This was
a limitation that we identified in the scoping review (Krishnaratne
2020), and we were thus aware of it ahead of conducting this review.
Allowing for extraction of data pertaining to the general population
allowed us to capture studies looking at broader population
impacts, and to assess whether or not they also looked at impacts
on populations directly affected by the school setting.

A key limitation to this review was the lack of focus on the
unintended consequences of measures implemented in the school
setting to control the COVID-19 pandemic. When we developed
the protocol for this review (Krishnaratne 2021), we decided that
the most pressing question was the effectiveness of measures
implemented in the school setting and that this review should
thus focus primarily on studies assessing the effectiveness of
measures; if included studies also reported on harms, we decided
we would also examine these data, but that would not be a primary
focus of the review. A separate scoping review of the unintended
consequences of school measures and potential adverse health
effects and broader social harms of school measures is currently
ongoing (Kratzer 2021).

Another potential limitation to this review is that we limited the
setting to primary and secondary schools, and did not consider
early childhood or university settings. These settings are important
in their own right, however, given the differences in the ages of
these target groups and the non-compulsory nature of childcare
and education in these settings, we anticipated that the measures
implemented in these settings would be very different from those
implemented in the school setting, as defined in the protocol for
this review.

A further limitation to this review is that the risk of bias assessment
was conducted by a single review author, with a second review
author verifying the ratings. While this is in accordance with the
Cochrane interim guidance on rapid reviews (Garritty 2020), it has
to be acknowledged that this is prone to more subjectivity than an
assessment in duplicate.

In terms of language, we did not consider databases in other
languages, and might therefore have missed some studies. Lastly,
most of the studies included in this review are preprints, which
did not undergo peer review. While we endeavoured to mitigate
this through thorough quality appraisal by the review authors,
these studies may nevertheless be more prone to bias and quality
concerns than peer-reviewed studies.
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Finally, a major limitation of this review is the fact that we identified
allthe included studies in December 2020, almost one year ago. We
conducted a top-up search in August 2021 and identified 16 new
studies (Characteristics of studies awaiting classification), but we
have not carried out data extraction on these studies. Therefore,
this review reflects the state of the literature in December 2020,
and it is highly likely that the effects of these interventions would
be very different now, especially given the rapid and widespread
advancements in prevention and containment measures, most
notably, the COVID-19 vaccines and increases in testing capacity,
as well as the rise of more transmissible variants of the virus.
An update to this review is imminent and will include those
studies identified in the top-up search, as well as additional studies
identified through a newer search.

Agreements and disagreements with other studies or
reviews

Overall, this review, whilst mainly comprising modelling studies,
suggests that measures to reduce transmission in schools can have
a positive impact on a number of outcomes. This is supported by
primary quantitative data in Wales (Thompson 2021), which has
shown that with mitigation strategies in place, the occurrence of
positive COVID-19 cases was shown to not increase the risk of staff
to subsequently test positive. The occurrence of positive casesin a
students' year group also did not lead to an increased risk for these
students. However, the specific measures in place in the schools
studied have not been investigated; further investigation is called
for (Thompson 2021). The safe reopening of schools is particularly
important due to the well-documented adverse effect of school
closures, including impacts on nutrition, physical activity, mental
health and overall well-being (Engzell 2021; Golberstein 2020;
UNESCO 2021). There is also evidence that vulnerable children are
more at risk without the safety net of the school setting, and that
health and educational inequalities are widened (Viner 2020).

AUTHORS' CONCLUSIONS

Implications for practice

While there are some limitations with the evidence that we
identified, and the overall certainty of evidence was generally very
low, our review suggests that many measures implemented in
the school setting can have positive impacts on the transmission
of SARS-CoV-2, and on healthcare utilisation outcomes related to
COVID-19. We identified a range of different interventions that
worked in different ways to achieve intended outcomes.

The most commonly assessed measure in this review was reducing
the opportunity for contacts in and on the way to schools. While
showing largely positive effects with regards to transmission-
related outcomes, none of the included studies in the review
reported on adverse effects in terms of psychosocial health,
educational outcomes or socioeconomic inequality. For studies
that focused on phased reopening, this was a key strategy to reduce
cases, transmission number and hospitalisations. A key detail
for the implementation of this is distinguishing by age groups,
with opening/reopening of primary schools consistently showing a
smaller impact on these outcomes, thus suggesting it may be safer
to open primary, versus secondary schools. We are unable to draw
conclusions on the practicalities of such measures as most studies
fell short of providing any insights into the reality of implementing
such measures.

Studies focusing on measures to make contacts safer provided
less clear evidence. Whilst studies that focused on the effect
of masks were often multicomponent interventions, results
suggested that mask wearing may be an important strategy
for facilitating reopening of schools going forwards. A recent
review has concluded that the benefit of public mask wearing is
highest when compliance is high (Howard 2021), and that public
compliance to mask wearing was associated with lower SARS-
CoV-2/COVID-19 rates (Fischer 2021). However, these studies did
not look specifically at the school setting. There were insufficient
studies in this review to draw conclusions with regards to the
effectiveness of ventilation interventions. Whilst it was shown
within one study that air purifiers do reduce the dose of particles
containing RNAvirusin an experimental scenario (Curtius 2020), the
quality of this evidence was low. Installing air purifiers in schools
might entail significant costs and resources (e.g. energy, disposal
of used filters), whilst at the same time contributing to widening
inequalities with regards to some districts, states or nations being
unable to afford ventilators/air purifiers.

Among studies looking at measures to detect, trace, and quarantine
cases within schools it was found that such interventions could
lead to reductions in the COVID-19 infection/transmission rate
among students, teachers, and staff. The most effective testing and
isolation strategies used a combination of early testing together
with symptom screening and isolation of symptomatic cases.
Students attending schools employing a hybrid approach were
found to miss fewer days of school due to quarantines. This
suggests that surveillance and isolation measures may need to
be tailored to the specific context in which they are implemented
and should take community-level factors into account in their
design. There were also important findings relating to cost, and
days lost in the classroom, which will need to be considered within
future policy decisions, suggesting that surveillance testing of at-
risk populations is cheaper than universal testing.

The 16 studies in the 'Studies awaiting classification' category may
alter the conclusions of the review once assessed. There are a
number of studies that we have identified, but that have not yet
been incorporated in this review. If these studies are deemed to be
important in terms of sample size or direction of effect, there may
be a degree of change in the results and conclusions of this review.
This is particularly important given the rapid and widespread
advancements in prevention and containment measures, such as
the COVID-19 vaccines and increases in testing capacity, as well as
the rise of more transmissible variants of the virus. Like the current
review, the majority of the studies awaiting classification used
modelling study designs (n=8), followed by observational studies
(n=T); one study used a randomized controlled study design. Nine
studies were based in the USA and two were in Canada, with one
study each in Belgium, Brazil, Italy, Israel, and the United Kingdom.

Implications for research

Future research should continue to refine the assessment of
interventions and the factors that influence their effectiveness,
such as the level of community transmission and adherence to
measures. For example, while studies focused on reducing contacts
within schools found that a smaller cohort was consistently
associated with a lower level of transmission and fewer days
of education lost, further primary research is required to be
conducted in real-world settings to help to determine the exact
effect of this measure, as well as the extent to which it is
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practical within schools in various countries where resources, such
as teaching staff and classroom space are varied and finite. In
regards to mental and social health, and educational outcomes,
these need to be at the forefront of future research to ensure
that interventions aimed at reducing transmission do not do
so to the detriment of these other important outcomes for
students. The previously mentioned scoping review on unintended
consequences of measures implemented in the school setting will
address this to some extent (Kratzer 2021).

A major gap in the evidence that we identified is the fact that
very few of the studies included here accounted for contextual
factors in their assessment of intervention effectiveness. The
largest intervention category we identified was 'measures to
reduce contacts' This often meant that interventions required
only some students to attend school on certain days while
others stayed at home and studied online. It also often meant
that there needed to be significant space between students
in classrooms. This is important, as many of the interventions
described would require financial resources to provide virtual
learning tools and infrastructure, and the availability of space for
effective implementation. Indeed, most of the studies we identified
either used data from, or were focused on, high-income countries,
but regional differences, or even school-level differences relating
to socioeconomic status, might influence how interventions are
implemented and taken up, and this was rarely examined within the
identified studies.

Also, while we acknowledge the challenge of collecting real-
world data in the context of a pandemic, and the benefits
of using modelling studies to provide insight into situations
where empirical data collection is not easy, future research
should employ observational and/or experimental and quasi-
experimental study designs. This is essential for understanding
how these interventions work, for whom, and in what contexts.
Despite the strengths and value of modelling studies, real-world
data will best be able to answer these key research questions,
and the pandemic presents an opportunity to use internally valid
experimental or quasi-experimental approaches to understand a
complex and rapidly changing situation.

Further, many of the studies we identified described interventions
that were multifaceted, and employed different types of measures
at the same time. In future research, it would be helpful to go
beyond presenting findings about multiple measures together and
to pull apart the effects of individual intervention components.
This will also have implications for practice as it will allow decision
makers to understand which components of the interventions are
most effective. Also, importantly, when we ran the original search
for this rapid review, no vaccines against SARS-CoV-2 had been
developed. The development and subsequent implementation of
these vaccines will have greatly changed the evolution of the
pandemic, particularly in the school setting, and especially now
as use of the vaccines in younger populations is not yet widely
approved. The implications of the vaccine on future practices
surrounding the control of the pandemic in the school setting will
need to be evaluated in future research.

With the evidence base on COVID-19 and the impact of measures
implemented in the school setting to control the pandemic rapidly
expanding and constantly changing, and with the anticipation that
modelling studies will continue to form the bulk of the evidence
base, it is critical that future modelling studies improve reporting

and technical documentation to allow for adequate assessment
of their quality. Finally, to ensure that the best available evidence
informs decision-making about safely keeping schools open in the
context of the pandemic, future research should employ a range of
epidemiological designs and assessment tools to assess the broad
impacts of these measures, including all potential benefits and
harms in terms of education, and social and mental health. Given
the growing evidence base and the developments in the control of
the pandemic, particularly the introduction of vaccines, aswell asin
anticipation of new studies that will be published in the near future,
we plan to update this review again in 2022.

The majority of studies were conducted or based in high-income
countries. This may have implications for low- and middle-income
countries, which have been shown to have more varied and
expansive detrimental effects linked to school closures, such
as widening inequalities, children missing out on vaccinations,
parents losing vital income and children dropping out of school
entirely (Viner 2021b). Thus, there is a need for further research to
investigate the effect of non-pharmaceutical interventions on safe
school reopening within low- and middle-income countries.

Itisimportant to note that this is a fast-moving research field. Since
December 2020, when we conducted our searches, 16 more studies
examining school measures have been published (Asgary 2021;
Bilinski 2021; Bosslet 2021; Cruz 2021; Ertem 2021; Gandini 2021;
Lessler 2021; Liu 2021; Miller 2021; Pavilonis 2021; Reinbold 2021;
Somekh 2021; van den Berg 2021; Willem 2021; Young 2021; Yuan
2021). They highlight, however, that the evidence base is growing
further, and that a future update to this review will be important.
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school year in Illinois school districts were related to differences in COVID-19 cases, hospitaliza-
tions, and deaths in Illinois counties.

Somekh 2021

Notes Aims: to investigate the effects of school reopening and easing of social-distancing restrictions on
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections in Israel.

van den Berg 2021

Notes Objectives: to conduct a retrospective analysis of data from traditional public schools in Massa-
chusetts that opened with any in-person learning in order to evaluate the effectiveness of different
physical distancing policies on the incidence of SARS-CoV-2 infections among students and school
staff after school reopening.

Willem 2021
Notes Objectives: a stochastic individual-based model to analyse the effect of repetitive leisure contacts
in extended household settings on the transmission of SARS-Cov-2 and explore contact tracing
strategies based on the open-source IBM “STRIDE”, fitted to COVID-19 data from Belgium.
Young 2021
Notes Aims: an open-label cluster RCT in students and staff from secondary schools and further educa-
tion colleges in England to investigate the effects of self-isolation vs. voluntary daily lateral flow de-
vice (LFD) testing for control of COVID-19 transmission.
Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 61
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Yuan 2021

Notes Objectives: a Susceptible-Exposed-Asymptomatic-Infectious-Recovered-Hospitalised-Isolated
model to explore school reopening scenarios using data from the city of Toronto.

ADDITIONAL TABLES

Table 1. Overview of intervention categories

Broad intervention category  Included interventions

Measures reducing the oppor- « Phased reopening of schools
tunity for contacts + Reduced cohort size
« Staggered start/end time
« Alternating attendance
« Only allowing schooling in person for certain grades/students

Measures making contacts « Face masks
safer « Handwashing interventions
« Cleaninginterventions
« Modifying activities in the school setting
« Ventilation interventions
« Combined measures to make contacts safer

Surveillance and response « Mass testing and isolation measures
measures « Symptom-based screening and quarantine measures
Multicomponent measures « Multiple measures including: reduced cohort size, face masks, handwashing interventions, mod-

ifying activities in the school setting, cleaning, testing, and quarantine

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Table 2. Characteristics of included studies

Study ID Study design  Population (populations; Country im- School measure Comparison Outcome(s) Notes - funding
school type; age group) plementing source as reported in
the measure the study
Alvarez 2020 Compartmen-  Population in which inter- Chile Reducing the opportuni-  Full opening Transmis- Not reported
tal SEIRmod-  vention is implemented: ty for contacts: reducing  of schools sion-related
el general school population; the number of students with no mea- outcome: shift
all school types and reducing the num- suresin place  in pandemic de-
Population in which out- ber of contacts velopment
come is assessed: *Reduction of number of Healthcare util-
general population; unspec- students and contacts: isation out-
ified school types; unspeci- 100%, 75%, 50% and come: number
fied age group 25% or proportion of
*Reduction of contacts: cases requiring
implicit intensive care
Follow-up: 1
month (May to
Jun 2020)
Aspinall 2020 Bayesian Be- Population in which inter- UK Reducing the opportuni-  Full opening Transmis- The study was part of
lief Network vention is implemented: ty for contacts: reducing  of schools sion-related the RAMP initiative of
(stochastic general school popula- the number of students with no mea- outcome: num-  the Royal Society.
uncertain- tion; primary schools; and reducing the num- suresin place  beror propor-
ty modelling age groups: 20 to 60 years ber of contacts tion of infected
tool -Unitet) (teachers, school staff); stu- *Reduction of number of schools
dents students and contacts Follow-up: un-
Population in which out- (35% to 41%/49% capac- clear
come is assessed: ity; phased reopening
general school popula- for specific grades)
tion; primary schools; *Reduction of contacts:
age groups: 20 to 60 years implicit
(teachers, school staff); stu-
dent
Baxter 2020 Agent-based Population in which inter- USA Reducing the opportuni-  Full opening Transmis- Supported by the
modelling vention is implemented: ty for contacts: reducing  of schools sion-related William W George and
study general school popula- the number of students with no mea- outcomes: by the Virginia C and

tion; kindergarten, prima-
ry school and K-12; unspec-
ified age group (cut-off

for younger children at 10
years)

Population in which out-
come is assessed:

general population

and reducing the num-
ber of contacts
*Reduction of number
of students in school
(phased reopening of
primary schools; 50%
capacity)

sures in place

number or pro-
portion of cas-
es; number or
proportion of
deaths
Follow-up: ~5
months (Jul to
Nov 2020)

Joseph C Mello endow-
ments at Georgia Tech.
This research was sup-
ported in part by NSF
grant MRI 1828187 and
research cyberinfra-
structure resources
and services provid-
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Table 2. Characteristics of included studies (continued)

*Reduction of contacts:
alternating attendance
schedule (daily)

ed by the Partnership
for an Advanced Com-
puting Environment

(PACE) at the Georgia
Institute of Technolo-
gy-
Bershteyn Simulation Population in which inter- USA Reducing the opportuni-  Leastintense  Transmis- Not reported
2020 model vention is implemented: ty for contacts: reducing  measure sion-related
general school popula- the number of students outcome: num-
tion; Kindergarten, prima- and reducing the num- ber or propor-
ry school and K-12; unspeci- ber of contacts tion of cases
fied age group *Reduction of number of Follow-up: not
Population in which out- students in school (50% specified
come is assessed: capacity in schools)
student population; un- *Reduction of number
specified school type; un- of students in class (9
specified age group versus 13 students per
class)
*Reduction of contacts:
alternating attendance
schedule (daily, weekly)
Surveillance and re-
sponse measures: symp-
tom-based screening
and quarantine mea-
sures
Burns A 2020 Determinstic Population in which inter- USA Reducing the opportuni-  Full opening Transmis- One author was spon-
SEIR modifi- vention is implemented: ty for contacts: reducing  of schools sion-related sored by US NIH grant
cation general school population; the number of students with no mea- outcomes: R01GM121600.

unspecified school type; un-
specified age group
Population in which out-
come is assessed:

general school population;
unspecified school types;
unspecified age group

and reducing the num-
ber of contacts
*Reduction of number of
students (50% capacity)
*Reduction of contacts:
alternating attendance
schedule

Surveillance and re-
sponse measures: symp-
tom-based screening
and quarantine mea-
sures

sures in place

number or pro-
portion of cas-
es; shiftin pan-
demic develop-
ment
Follow-up: 8
months (Jan to
Aug 2020)
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Table 2. Characteristics of included studies (continued)

Health eco-
nomic model

Campbell
2020b

Population in which inter-
vention is implemented:
general school population;
primary and secondary
schools; unspecified school
types; unspecified age
group

Population in which out-
come is assessed:

general school population;
unspecified school types;
unspecified age group

Canada

Surveillance and re-
sponse measures: mass
testing and isolation

Least intense
measure

Societal, eco-
nomic and
ecological
outcome: re-
sources
Follow-up: 42
days (1 com-
plete round of
testing)

Directly funded by an
operating grant (ECRF-
R1-30) from the McGill
Interdisciplinary Ini-
tiative in Infection
and Immunity (MI4),

a philanthropic sci-
entific-granting or-
ganisation with peer-
reviewed competi-
tion; Dick Menzies was
the Principal Investi-
gator and Jonathon
Campbell the co-Prin-
cipal Investigator. The
grant also supports
the salaries of Aash-
na Uppal and Mer-
cedes Yanes-Lane.
Jonathon Camp-

bell (Award #258907,
Award #287869) and
Stephanie Law (Award
#258467) are fund-

ed by a postdoctoral
fellowship from the
Fonds de Recherche
du Québec—San-

té. Nicholas Winters
(Award #284837) is
funded by a doctor-

al fellowship from the
Fonds de Recherche
du Québec, Santé. W
Alton Russell is fund-
ed by a Stanford In-
terdisciplinary Gradu-
ate Fellowship. Mayara
Bastos, Federica Fre-
gonese, Nicholas Win-
ters, Jonathon Camp-
bell and Olivia Oxlade
are funded through a
Canadian Institutes of
Health Research grant
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Table 2. Characteristics of included studies (continued)

(#FRD143350). Gior-
gia Sulis is funded by a
Richard H Tomlinson
Doctoral Fellowship.

Cohen 2020 Agent-based Population in which inter- USA Reducing the opportuni-  Full opening Transmis- Not reported
model (Cov- vention is implemented: ty for contacts: reducing  of schools sion-related
asim) general school population; the number of students with no mea- outcomes:

primary, middle, and high and reducing the num- suresinplace  number or pro-
schools; students of 5 to 18 ber of contacts portion of cas-
years old *Reduction of number of es; reproduc-
Population in which out- students (50% capacity) tion number;
come is assessed: *Reduction of contacts: risk of infection
general population; unspec- alternating attendance Societal, eco-
ified age group schedule nomic and eco-
Making contacts safer: logical out-
combined measures to come: numbers
make contacts safer of days spentin
Surveillance and re- school
sponse measures: mass Follow-up: 3
testing and isolation months (Sep to
Dec 2020)

Curtius 2020 Experimen- Population in which inter- Germany Making contacts safer: Full opening Transmis- Conducted without ex-
tal study with  vention is implemented: ventilation of schools sion-related ternal financial sup-
modelling general school population; with no mea- outcomes: oth-  port
component high school; unspecified age suresinplace  er(inhaled

group (note: typical high dose)
school students in Germany Follow-up: 2
are 10 to 19 years) hours
Population in which out-

come is assessed:

general school population;

high school; unspecified age

group (note: typical high

school students in Germany

are 10 to 19 years)

Di Domenico Stochastic Population in which inter- France Reducing the opportuni-  Full opening Transmis- Partially funded

2020a discrete age- vention is implemented: ty for contacts: reducing  of schools sion-related by: ANR projects
structured general school population; the number of students with no mea- outcome: num-  SPHINX (ANR-17-
epidemic primary schools, middle and reducing the num- suresinplace  beror propor- CE36-0008-05) and
model schools, high schools; un- ber of contacts tion of cases DATAREDUX (ANR-19-

specified age group

Healthcare util-
isation out-

CE46-0008-03); EU
H2020 grants RECOV-
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Table 2. Characteristics of included studies (continued)

Population in which out-
come is assessed:

*Reduction of number
of students (75%, 50%,

come: number
or proportion of

ER (H2020-101003589)
and MOOD

general population; unspec- 25% capacity) cases requiring  (H2020-874850); RE-
ified age group *Reduction of contacts: intensive care ACTing COVID-19 mod-
implicit Follow-up: 2 elling grant
Surveillance and re- months (May to
sponse measures: mass Jun 2020)
testing and isolation
Espafia 2020 Meta-popula- ~ Population in which inter- USA Reducing the opportuni-  Leastintense  Transmis- Supported by a NSF
tion model vention is implemented: ty for contacts: reducing  measure sion-related RAPID grant (DEB
*based on school students, staff and the number of students outcomes: 2027718), an Arthur J
FRED parents; elementary, middle and reducing the num- Full opening number or pro-  Schmitt 313 Fellow-
and high; 5 to 18 years ber of contacts of schools portion of cas- ship and Eck Institute
Population in which out- *Reduction of number of ~ With nomea-  es; numberor for Global Health Fel-
come is assessed: students (75%, 50% ca- sures in place proportion of lowship, and a Richard
schools and general popu- pacity) deaths; risk of and Peggy 314 No-
lation; elementary, middle *Reduction of contacts: infection; risk of  tabaert Premier Fel-
and high; all ages implicit death lowship
Making contacts safer: Follow-up: 4
face masks months (Aug to
Dec 2020)
Germann Agent-based Population in which inter- USA Reducing the opportuni-  Leastintense  Transmis- Sponsored by the Unit-
2020 community vention is implemented: ty for contacts: reducing  measure sion-related ed States Centers for
simulation students, teachers and staff; the number of students outcomes: Disease Control and
elementary, middle and and reducing the num- Full opening number or pro-  Prevention. Los Alam-
high schools; 5 to 18 years ber of contacts of schools portion of cas- os National Laborato-
Population in which out- *Reduction of number of ~ With nomea-  es; number or ry, an affirmative ac-
come is assessed: students (80% capacity) ~ suresinplace  proportion of tion/equal opportuni-
general population * Reduction of contacts: deaths; shiftin ty employer, is operat-
alternating attendance pandemic de- ed by Triad National
schedule (weekly, 2 velopment Security, LLC, for the
days) Healthcare util-  National Nuclear Se-
Making contacts safer: isation out- curity Administration
combined measures to come: number of the United States
make contacts safer or proportion of  Department of Ener-
*Face masks hospitalisations gy under contract #
*Hand-hygiene policy Follow-up: 8 19FED1916814CKC.
*Other 'distancing mea- months Approved for public re-
sures' lease: LA-UR-20-27982
Gill 2020 Agent-based Population in which inter- USA Reducing the opportuni-  Leastintense Transmis- Not reported
model vention is implemented: ty for contacts: reducing  measure sion-related

the number of students

outcome: num-
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Table 2. Characteristics of included studies (continued)
students, teachers and
school staff; primary and
secondary schools; 5 to 18
years
Population in which out-
come is assessed:
students, teachers and
school staff; elementary,
middle and high school
population

and reducing the num-
ber of contacts
*Reduction of number of
students (50% capacity)
*Reduction of contacts:
alternating attendance
schedule (1 to 4 days per
week)

Making contacts safer:
combined measures to
make contacts safer
*Face masks in school
and on school bus
*Lunch is eaten in class-
room

*Elementary students
remain with the same
class all day, while older
students take six classes
during the day
Surveillance and re-
sponse measures: mass
testing and isolation
*Testing and quarantine

Full opening
of schools
with no mea-
sures in place

ber or propor-
tion of cases
Societal, eco-
nomic and eco-
logical out-
come: numbers
of days spentin
school
Follow-up: not
specified

Head 2020 Meta-popula-

tion model

Population in which inter-
vention is implemented:
students, staff and teach-
ers; elementary, middle and
high schools; 5 to 18 years
Population in which out-
come is assessed:
students, staff and teach-
ers; household members;
community members; ele-
mentary, middle and high
schools; all age groups

USA

Reducing the opportuni-
ty for contacts: reducing
the number of students
and reducing the num-
ber of contacts
*Reduction of number of
students (50% capacity
in class (high school: 10
students; 20 students in
elementary schools))
*Reduction of contacts:
alternating attendance
schedule

Making contacts safer:
face masks

Surveillance and re-
sponse measures: mass
testing and isolation

Full opening
of schools
with no mea-
sures in place

Single inter-
vention com-
ponent

Least intense
measure

Transmis-
sion-related
outcomes:
number or pro-
portion of cas-
es; number or
proportion of
deaths
Healthcare util-
isation out-
come: number
or proportion of
hospitalisations
Follow-up: 12
months (Jan to
Dec 2020)

JVR, JRH, QC, PAC,
SP, AKH, CMH, and
KC were supported
in part by National
Science Foundation
grant no. 2032210,
National Institutes
of Health grants

nos. RO1AI125842,
R01TW010286 and
RO1AI148336, and by
the University of Cal-
ifornia Multicampus
Research Programs
and Initiatives award
#17-446315. JAL re-
ceived support from
the Berkeley Popu-
lation Center (grant
number P2CHD073964
from the National In-
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Table 2. Characteristics of included studies (continued)

stitute of Child Health
& Human Develop-
ment, National Insti-
tutes of Health).

Hoehl 2020 Observational  Unspecified Germany Surveillance and re- Leastintense  Transmis- The study was com-
test accuracy sponse measures: mass measure sion-related missioned and fund-
study testing and isolation outcome: num-  ed by the Hessian Min-

ber of casesde- istry of Education and
tected due to the Hessian Ministry of
measure Integration and Social
Follow-up: 7 Affairs.
weeks
Isphording Quasi-experi-  Population in which inter- Germany Multicomponent mea- School clo- Transmis- Discussion paper pub-
2020 mentalstudy  vention isimplemented: sures sures sion-related lished by the IZA Insti-
students and teachers; *Reduction of contacts: outcome: num-  tute of Labor Econom-
primary and secondary alternating attendance ber or propor- ics (an independent
schools; 6 to 18 years schedule; staggered ar- tion of cases economic research in-
Population in which out- rival and departure Follow-up: 3 stitute that conducts
come is assessed: *Face masks Aug to 14 Sep research in labor eco-
general population; age *Testing and quarantine 2020 nomics and offers ev-
groups: 0 to 14, 15 to 34 and idence-based policy
35t0 59, 60 to 79, 80+ years advice on labor mar-
ket issues). Supported
by the Deutsche Post
Foundation

Jones 2020 Poisson re- Population in which inter- USA Reducing the opportuni-  Full opening Transmis- No funding was se-
gression mod-  vention is implemented: ty for contacts: reducing  of schools sion-related cured for this study.
el students and staff at prima- the number of students with no mea- outcome: num-

ry, middle and high school and reducing the num- suresin place  beror propor-
Population in which out- ber of contacts tion of cases
come is assessed: *Reduction of number of Follow-up: ~3
students and staff at prima- students (55% capacity) months (Aug to
ry, middle and high school; *Reduction of contacts: Oct 2020)

all age groups implicit

Kaiser 2020 Network Population in which inter- UK, Germany,  Reducingthe opportuni- Leastintense Transmis- Supported by the state
model: sim- vention is implemented: the Nether- ty for contacts: reducing  measure sion-related of Baden-Wiirttem-
ulating the general school population; lands, Swe- the number of students outcome: num-  berg through bwHPC
transmission all school types; contactda-  den and reducing the num- ber or propor- and the German Re-
of COVID-19in  tafrom 14 to 15 year-olds ber of contacts tion of cases search Foundation
classrooms (DFG) through grant
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Table 2. Characteristics of included studies (continued)

Population in which out- *Reduction of number of Follow-up: 7 INST 35/1134-1 FUGG.
come is assessed: students (50% capacity) weeks CILS4EU research
general school population; *Reduction of contacts: project funded in the
all school types; all age alternating attendance NORFACE ERA NET
groups schedule Plus Migration in Eu-
rope-programme
Keeling 2020 Complex Population in which inter- UK Reducing the opportuni-  Full opening Transmis- This work was fund-
SEIR-based vention is implemented: ty for contacts: reducing  of schools sion-related ed by the Engineering
ordinary general school population; the number of students with no mea- outcomes: and Physical Sciences
differential all school types; 0 to 19 year and reducing the num- suresinplace  numberorpro-  Research Council
equation olds ber of contacts portion of cas- through the 423 Math-
model Population in which out- *Reduction of number of es; number or Sys CDT (grant number
come is assessed: students (50% capacity) proportion of EP/S022244/1) and by
general population; unspec- *Reduction of contacts: deaths; repro- the Medical Research
ified school types; unspeci- implicit duction num- Council through the
fied age group ber 424 COVID-19 Rapid
Healthcare util-  Response Rolling Call
isation out- (grant number MR/
come: number V009761/1).
or proportion of
cases requiring
intensive care
Follow-up: 3
weeks (Jun
2020)
Kraay 2020 SIR-based Population in which inter- USA Making contacts safer: Leastintense  Transmis- Not reported
modelling vention is implemented: cleaning measure sion-related
study school staff (cleaning); un- Making contacts safer: outcome: re-
specified school types; un- handwashing Full opening production
specified age group of schools number
Population in which out- with nomea-  Follow-up: not
come is assessed: suresinplace  specified
general population; unspec-
ified school types; unspeci-
fied age group
Landeros SEIR-based Population in which inter- USA Reducing the opportuni-  Full opening Transmis- KLL and JSS are sup-
2020 ordinary vention is implemented: ty for contacts: reducing  of schools sion-related ported by the Nation-
differential general school population; the number of students with no mea- outcomes: re- al Institute of Gener-
equation K-12; K-12 age (5 to 18 years) and reducing the num- suresinplace  production al Medical Sciences
model Population in which out- ber of contacts number; shiftin  of the National Insti-

come is assessed:

pandemic de-
velopment

tutes of Health under
award number R01G-
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Table 2. Characteristics of included studies (continued)

general school population; *Reduction of number of Follow-up: 6 M053275. MES is sup-
K-12; K-12 age (5 to 18 years) students (50% and 33% months ported by the Susan G
capacity) Komen Career Catalyst
*Reduction of contacts: Award CCR16380478.
alternating attendance JXis supported by the
(parallel and rotating co- National Science Foun-
horts) dation under grant
Making contacts safer: number DMS-2030355.
combined measures to
make contacts safer
*Masks
*Desk shields
*Frequent surface clean-
ing
*Outdoor instruction
Surveillance and re-
sponse measures: mass
testing and isolation
Lazebnik 2020  Hybrid mod- Population in which inter- Israel Making contacts safer: Leastintense  Transmis- No external funding
el: SIRD type vention is implemented: modification of activities measure sion-related was received.
temporal dy- general school population; outcome: re-
namics and not specified; average age production
spatial dy- 13 years number
namics for Population in which out- Follow-up: two
home, school, come s assessed: weeks
workplace general population; unspec-
(Addition- ified school types; unspeci-
al compart- fied age group
ments: age
classes chil-
dren (<13
years) and
adults)
Lee 2020 Age-stratified ~ Population in which inter- China Reducing the opportuni-  Full opening Transmis- None
estimation for  vention is implemented: ty for contacts: reducing  of schools sion-related
RO based on general school population; the number of students with no mea- outcome: re-
assumed SIR-  not specified; 0 to 14 years and reducing the num- suresinplace  production
model Population in which out- ber of contacts number
come is assessed: *Reduction of number of Follow-up: not
general population; unspec- students (33% capacity specified

ified school types; unspeci-
fied age group

in high schools)
*Reduction of contacts:
implicit
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Table 2. Characteristics of included studies (continued)

Lyng 2020 SIR model Population in which inter- USA Surveillance and re- Leastintense  Transmis- Not reported
analysing dif-  vention is implemented: sponse measures: mass measure sion-related
ferent test/ general school population; testing and isolation outcome: num-
suveillance unspecified school types; ber or propor-
strategies unspecified age group tion of cases
Population in which out- Societal, eco-
come is assessed: nomic and
general population; unspec- ecological
ified school types; unspeci- outcome: re-
fied age group sources
Follow-up: not
specified
Mauras 2020 Agent-based Population in which inter- France Reducing the opportuni-  Full opening Transmis- LO received research
SEIRwith con-  vention is implemented: ty for contacts: reducing  of schools sion-related funding from Pfizer
tact networks  general school population; the number of students with no mea- outcomes: (through her research
primary and high school; and reducing the num- suresin place  numberorpro-  unit) on research relat-
unspecified age group ber of contacts portion of cas- ed to meningococcal
Population in which out- *Reduction of number of es; shiftin pan-  epidemiology and an-
come is assessed: students (50% capacity) demic develop-  timicrobial resistance.
general population; unspec- *Reduction of contacts: ment
ified school types; unspeci- implicit Follow-up: not
fied age group specified
Monod 2020 Bayesian Population in which inter- USA Making contacts safer: Full opening Transmis- This study was sup-
model for vention is implemented: combined measures to of schools sion-related ported by the Imper-
transmission school students and staff; make contacts safer withnomea-  outcomes: ial College COVID-19
dynamicsin kindergarten and elemen- *Masks suresinplace  numberorpro-  Response Fund, the
the USA tary schools; 0 to 11 years *Other NPIs portion of cas- Imperial College Re-

Population in which out-
come is assessed:
students; kindergarten and
elementary schools; 0 to 11
years

es; number or
proportion of
deaths
Follow-up: 90
days

search Computing Ser-
vice DOI:10.14469/
hpc/2232, the Bill &
Melinda Gates Foun-
dation, and the EPSRC
through the EPSRC
Centre for Doctoral
Training in Modern
Statistics and Statis-
tical Machine Learn-
ing at Imperial and Ox-
ford, the UK Medical
Research Council un-
der a concordat with
the UK Department
for International De-
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Table 2. Characteristics of included studies (continued)

velopment, the NIHR
Health Protection Re-
search Unit in Model-
ling Methodology and
Community Jameel.

Network
model de-
scribing trans-
mission be-
tween schools

Munday 2020

Population in which inter-
vention is implemented:
general school population;
school type; 4 to 18 years
Population in which out-
come is assessed:

schools; all school types; 4
to 18 years

UK

Reducing the opportuni-

ty for contacts: reducing
the number of students
and reducing the num-
ber of contacts
*Reduction of number
of students (phased
reopening of primary
schools; grades)
*Reduction of contacts:
implicit

Full opening
of schools
with no mea-
sures in place

Transmis-
sion-related
outcome: risk of
transmission to
other schools
Follow-up: not
specified

This project received
funding from the Eu-
ropean Union's Hori-
zon 2020 research
and innovation pro-
gramme - project Epi-
Pose (101003688:
WJE). This research
was partly funded by
the National Institute
for Health Research
(NIHR) using UK aid
from the UK Govern-
ment to support glob-
al health research. The
views expressed in this
publication are those
of the author(s) and
not necessarily those
of the NIHR or the UK
Department of Health
and Social Care (PR-
0D-1017-20002: WJE).
Health Protection Re-
search Unit for Immu-
nisation NIHR200929:
AJVH, JDM, KEA. UK
MRC (MC_PC_19065:
WJE). Wellcome Trust
(210758/2/18/Z: JDM,
JH, KS, NIB, SA, SFunk,
SRM). Nakajima Foun-
dation (AE). DFID/
Wellcome Trust (Epi-
demic Preparedness
Coronavirus research
programme 221303/
Z/20/Z: CABP). This
research was partly
funded by the Bill &
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Table 2. Characteristics of included studies (continued)

Melinda Gates Founda-
tion (INV-001754: MQ;
INV-003174: KP, MJ, YL;
NTD Modelling Con-
sortium OPP1184344:
CABP). NTD Mod-
elling Consortium
OPP1184344: CABP. No

funding (JW)

Naimark 2020  Agent-based Population in which inter- Canada Multicomponent mea- School clo- Transmis- This research was sup-
SEIR-based vention is implemented: sures sure sion-related ported by COVID-19
simulation general school population; *Reduction of number outcome: num-  Rapid Research Fund-
model daycare, primary, elemen- of students (15 to 23 stu- ber or propor- ing (C-291-2431272-

tary and high school; 2 to 17 dents per class) tion of cases SANDER through the
years *Face masks Follow-up: 2 Ontario Ministry of
Population in which out- months (Septo  Health, Ontario To-
come is assessed: Oct 2020) gether grant. This re-
school and general popula- search was support-
tion; daycare, primary, ele- ed, in part, by a Cana-
mentary and high school; all da Research Chair
age groups in Economics of In-
fectious Diseases
held by Beate San-
der (CRC-950-232429).
Sharmistha Mishra is
supported by a Tier 2
Canada Research Chair
in Mathematical Mod-
elling and Programme
Science.

Panovs- Agent-based Population in which inter- UK Reducing the opportuni-  Leastintense  Transmis- None

ka-Griffiths SEIR-model vention is implemented: ty for contacts: reducing  measure sion-related

2020a (Covasim) general school population; the number of students outcomes:

all school types; 4 to 18 and reducing the num- Full opening number or pro-
years ber of contacts of schools portion of cas-
*Reduction of number of ~ With no mea-

Population in which out-
come is assessed:

general population; unspec-
ified school types; unspeci-
fied age group

students (50% capacity)
*Reduction of contacts:
20 contacts per day
Surveillance and re-
sponse measures: mass
testing and isolation

sures in place

es; number or
proportion of
deaths; repro-
duction num-
ber; shiftin

pandemic de-
velopment
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Table 2. Characteristics of included studies (continued)

Follow-up: 2
years (Dec 2019
to Dec 2021)
Panovs- Agent-based Population in which inter- UK Making contacts safer: Leastintense  Transmis- Not reported
ka-Griffiths model (based  vention isimplemented: face masks measure sion-related
2020b on Covasim) school population; sec- Surveillance and re- outcomes:
ondary school; 12 to 19 sponse measures: mass number or pro-
years testing and isolation portion of cas-
Population in which out- es; shift in pan-
come is assessed: demic develop-
general population; sec- ment
ondary school; all age Follow-up: 9
groups months (Jul
2020 to Mar
2021)
Phillips 2020 Agent-based Population in which inter- Canada Reducing the opportuni-  Leastintense  Transmis- Not reported
simulation of  vention is implemented: ty for contacts: reducing  measure sion-related
one school/ students, teachers, school the number of students outcomes: re-
child care fa- staff; primary schools; 0 to 9 and reducing the num- Full opening production
cility embed-  years; 25 to 44 years ber of contacts of schools number: shift in
ded in the Population in which out- *Reduction of number with nomea-  pandemic de-
community come is assessed: of students (30 versus suresinplace  yelopment
general population; unspec- 15 versus 8 students per Societal, eco-
ified school types; unspeci- class) nomic and eco-
fied age group *Reduction of contacts: logical out-
alternating attendance come: numbers
schedule (weekly) of days spentin
Making contacts safer: school
combined measures to Follow-up: 120
make contacts safer days
*Face masks
*Social distancing
*Disinfection protocols
Rozhnova Model for the Population in which inter- the Nether- Reducing the opportuni-  Full opening Transmis- Did not report on cases
2020 Netherlands vention is implemented: lands ty for contacts: reducing  of schools sion-related without symptoms.
students; all school types; the number of contacts with no mea- outcome: re-
(effect of 0to 20 years (0 to 5; 5 to 10; *Reduction of contacts suresinplace  production
opening/clos- 10t 20) between students (100% number L
ingschoolson  popylation in which out- to 0%) Follow-up: 1 The contribution of
informative come is assessed: month (Dec CHVD_ was under the
epidemic da- 2020) auspices of the US
ta) Department of Ener-

gy (contract number

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]

SM3IADY J13BWSISAS JO seqeleq auelyd0)

*33UaPIAS parshaL



“P17 ‘suos 73 A3)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L zzoz © y3uAdod

(mainay) s1wapued 6T-@INOD Y3 Ulejuod 03 SuIIdS J0oYyds Y} ul pajusawajdwi sainseap

9L

Table 2. Characteristics of included studies (continued)

general population; unspec-
ified school types; unspeci-
fied age group

89233218CNA000001)
and supported by the
National Institutes of
Health (grant num-
ber R01-0D011095).
MEK was supported
by ZonMw grant num-
ber 10430022010001,
ZonMw grant number
91216062, and H2020
project 101003480
(CORESMA). MJMB and
PB-V were support-
ed by H2020 project
101003589 (RECOV-
ER). GR was support-
ed by FCT project
131_596787873.

Shelley 2020 Deterministic ~ Population in which inter- USA Reducing the opportuni-  Full opening Transmis- Not reported
SEIR model vention is implemented: ty for contacts: reducing  of schools sion-related
stratified in- general school population; the number of students with no mea- outcome: num-
to town and unspecified school types; and reducing the num- suresin place  beror propor-
different co- unspecified age group ber of contacts tion of cases
horts withina  Population in which out- *Reduction of number of Follow-up: 10
school come is assessed: students (50% and 25% weeks
general population; all capacity)
school types; all age groups *Reduction of contacts:
alternating attendance
schedule
Simonsen Uncontrolled Population in which inter- Denmark Making contacts safer: Full opening Other health None
2020 before-after vention is implemented: handwashing of schools outcomes:
study students; primary schools; 5 with no mea- physical health
to 13 years suresin place  Follow-up: not
Population in which out- specified
come is assessed:
students; primary schools; 5
to 13 years
Sruthi 2020 Machine Population in which inter- Switzerland Making contacts safer: Full opening Transmis- Not reported
Learning algo-  vention isimplemented: face masks of schools sion-related
rithm to dis- general school population; with no mea- outcome: re-
entangle ef- secondary school; 11 to 18 suresinplace  production
years number
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Table 2. Characteristics of included studies (continued)

fects of differ- ~ Population in which out- Follow-up: 26
ent NPIs come is assessed: weeks (Mar to
general population; not Sep 2020)
specified; all age groups
Tupper 2020 Stochas- Population in which inter- Canada Surveillance and re- Leastintense  Transmis- Funding from the Nat-
ticindivid- vention is implemented: sponse measures: mass measure sion-related ural Sciences and En-
ual-based students; elementary and testing and isolation; outcome: num-  gineering Research
model with high school; age groups: el- testing and quarantine ber or propor- Council of Canada
the states ementary and high school *Weekly or every three tion of cases (NSERC) grant RG-
susceptible students days testing or environ- Follow-up: 50 PIN-2019-06911 and
(S), exposed Population in which out- mental monitoring cov- days from Genome British
(E), presymp- come is assessed: ering all individuals in Columbia (COV-142)
tomatic (P), students; elementary and the class
symptomatic  high school; age groups: el- *Isolation/quarantine
(Sym),and re-  ementary and high school
covered (R) students
Vlachos 2020 Difference-in-  Population in which inter- Sweden Multicomponent mea- School clo- Transmis- Financial support
difference vention is implemented: sures sure sion-related from Handelsbankens
study general school population; *Handwashing policy outcome: num-  forskningssiftelser
lower secondary school *Physical distance ber or propor-
(school years 7 to 9, typical *Modification of ac- tion of cases
age 14 to 16). Authors fo- tivities (open house, Follow-up: not
cus on final year; upper sec- parental meetings, out- specified
ondary school (school years door activities, large
10to 12, typical age 17 to gatherings cancellation)
19) *Cleaning protocols
Population in which out-
come is assessed:
general population; unspec-
ified school types; unspeci-
fied age group
Williams 2020  COVID agent- Population in which inter- USA Surveillance and re- Least intense Transmis- Department of Sociol-
based model vention is implemented: sponse measures: mass measure sion-related ogy at the University
general school population; testing and isolation outcomes: of Washington funded

unspecified school types;
unspecified age group
Population in which out-
come is assessed:

general population; unspec-
ified school types; unspeci-
fied age group

*Testing: sampling (sim-
ple random sampling,
cluster sampling, and
pooled sampling strate-
gies)

*Quarantine (isolation of
positive cases)

number or pro-
portion of cas-
es; shiftin pan-
demic develop-
ment

Societal, eco-
nomic and
ecological

support programming
efforts for this study
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Table 2. Characteristics of included studies (continued)

outcome: re-
sources
Follow-up: ~8
months
Zhang 2020 SIR model Population in which inter- China Reducing the opportuni-  Full opening Transmis- Not reported
and with con-  vention is implemented: ty for contacts: reducing  of schools sion-related
tact matrices general school population; the number of students with no mea- outcome: re-
based on di- all school types; age groups: and reducing the num- suresinplace  production
aries/ques- 0to6yrs; 7to19yrs ber of contacts number
tionaires via Population in which out- *Reduction of number Follow-up: not
phone come is assessed: of students (phased re- specified

general population; unspec-
ified school types; unspeci-
fied age group

opening of high schools)
*Reduction of contacts:
implicit

FRED: framework for reconstructing epidemic dynamics; NPI: non-pharmaceutical intervention; RO: basic reproduction number; SEIR: Susceptible-Exposed-Infectious-Removed;

SIR: susceptible, infectious-asymptomatic, infectious-symptomatic, removed; SIRD: Susceptible-Infectious-Recovered-Deceased model

Table 3. Summary of quality appraisal for modelling studies

Study ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10
Alvarez Yes No/minor Moderate Major con- Partial Moderate No Moderate Major con- Moderate
2020 concerns concerns cerns concerns concerns cerns concerns
Aspinall Partial Moderate No/minor No/minor No Major con- Partial No/minor No/minor No/minor
2020 concerns concerns concerns cerns concerns concerns concerns
Baxter Partial Moderate No/minor Moderate No Major con- Partial Moderate Major con- Major con-
2020 concerns concerns concerns cerns concerns cerns cerns
Bershteyn ~ No Major con- Major con- Major con- No Major con- No Major con- Major con- Major con-
2020 cerns cerns cerns cerns cerns cerns cerns
Burns A Partial Major con- Moderate Major con- Partial Major con- No Moderate Moderate Moderate
2020 cerns concerns cerns cerns concerns concerns concerns
Campbell Yes No/minor No/minor No/minor No Major con- No Moderate No/minor No/minor
2020b concerns concerns concerns cerns concerns concerns concerns
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Table 3. Summary of quality appraisal for modelling studies (continued)

Cohen Partial Moderate Moderate Moderate No Major con- Partial Moderate Moderate Major con-
2020 concerns concerns concerns cerns concerns concerns cerns
Curtius Partial Major con- Moderate Moderate Partial Moderate No Moderate Moderate Moderate
2020 cerns concerns concerns concerns concerns concerns concerns
Di Partial Moderate No/minor Moderate Partial Moderate Partial Moderate Moderate Major con-
Domenico concerns concerns concerns concerns concerns concerns cerns
2020a
Espafia Yes No/minor No/minor No/minor Yes Moderate Partial Moderate Moderate Moderate
2020 concerns concerns concerns concerns concerns concerns concerns
Germann Partial No/minor Moderate No/minor No Major con- Partial Moderate Major con- Major con-
2020 concerns concerns concerns cerns concerns cerns cerns
Gill 2020 Yes No/minor No/minor No/minor No Major con- Partial Moderate Moderate No/minor
concerns concerns concerns cerns concerns concerns concerns
Head 2020  Yes No/minor Moderate Moderate Yes Moderate No Moderate Moderate Major con-
concerns concerns concerns concerns concerns concerns cerns
Jones Partial No/minor No/minor Major con- Partial Moderate No Moderate Moderate Moderate
2020 concerns concerns cerns concerns concerns concerns concerns
Kaiser Yes No/minor No/minor Moderate No Major con- No Moderate No/minor Moderate
2020 concerns concerns concerns cerns concerns concerns concerns
Keeling Partial No/minor Moderate No/minor Partial Moderate Partial Moderate Moderate Major con-
2020 concerns concerns concerns concerns concerns concerns cerns
Kraay Partial Moderate No/minor Moderate No Major con- No Moderate Major con- Moderate
2020 concerns concerns concerns cerns concerns cerns concerns
Landeros Yes Major con- No/minor Major con- No Major con- No Moderate Moderate No/minor
2020 cerns concerns cerns cerns concerns concerns concerns
Lazebnik Partial Moderate No/minor Major con- Yes Moderate Partial Moderate Major con- Major con-
2020 concerns concerns cerns concerns concerns cerns cerns
Lee 2020 Yes Moderate Moderate Moderate No Major con- No Moderate Moderate No/minor
concerns concerns concerns cerns concerns concerns concerns
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Table 3. Summary of quality appraisal for modelling studies (continued)

Lyng 2020  Yes Major con- No/minor Major con- No Major con- Partial Moderate Major con- No/minor
cerns concerns cerns cerns concerns cerns concerns
Mauras Yes No/minor No/minor No/minor Partial No/minor Partial No/minor No/minor No/minor
2020 concerns concerns concerns concerns concerns concerns concerns
Monod Yes No/minor No/minor No/minor Yes Moderate No Moderate No/minor No/minor
2020 concerns concerns concerns concerns concerns concerns concerns
Munday Yes Major con- No/minor No/minor No Major con- No Moderate Moderate Major con-
2020 cerns concerns concerns cerns concerns concerns cerns
Naimark Yes No/minor No/minor No/minor Partial Moderate No Moderate Moderate No/minor
2020 concerns concerns concerns concerns concerns concerns concerns
Panovs- Yes Moderate No/minor Moderate Partial Moderate Partial Moderate Moderate No/minor
ka-Grif- concerns concerns concerns concerns concerns concerns concerns
fiths 2020a
Panovs- Yes Moderate No/minor Moderate Partial Moderate Partial Moderate Moderate No/minor
ka-Grif- concerns concerns concerns concerns concerns concerns concerns
fiths
2020b
Phillips Yes Major con- No/minor Moderate No Major con- No Moderate Moderate Moderate
2020 cerns concerns concerns cerns concerns concerns concerns
Rozhnova  Yes No/minor No/minor No/minor No Moderate No Moderate No/minor No/minor
2020 concerns concerns concerns concerns concerns concerns concerns
Shelley Partial Major con- Moderate Major con- No Major con- No Moderate Moderate Moderate
2020 cerns concerns cerns cerns concerns concerns concerns
Sruthi Partial Major con- No/minor No/minor Yes Moderate Partial Moderate Moderate No/minor
2020 cerns concerns concerns concerns concerns concerns concerns
Tupper Partial Moderate No/minor Moderate No Major con- No Moderate Major con- Moderate
2020 concerns concerns concerns cerns concerns cerns concerns
Williams Partial Moderate Major con- Moderate No Major con- Partial Major con- Major con- No/minor
2020 concerns cerns concerns cerns cerns cerns concerns
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Table 3. Summary of quality appraisal for modelling studies (continued)

Zhang Yes Moderate No/minor Major con- Partial Major con- No Moderate Moderate Moderate
2020 concerns concerns cerns cerns concerns concerns concerns
Table 4. Summary of assessment using the ROBINS-I tool
Study Bias due to con- Biasin selection  Biasinclas- Bias due to deviations Bias due to Bias in mea- Biasin selection  Overall risk
founding of participants sification from the intended inter- missingdata  surement of of the reported of bias
into the study of interven-  vention outcomes result
tions
Curtius 2020 Moderate Low Low Low Low Low Moderate Moderate
Low risk of bias N/A N/A N/A Outcomedata Outcome as- Results unlike- Two do-
due to appro- available for sessors were ly to be select- mains at
priate analysis nearly all par-  aware of the ed from multiple ~ moderate
methods to con- ticipants. Oth-  intervention measurements. risk of bias.
trol for confound- er outcomes received by Results unlike- No domains
ing domains N/A participants. ly to be select- at serious
Methods of ed from different  risk of bias
outcome as- subgroups
sessment N/A
Isphording Low Low Low Moderate Moderate Moderate Low Moderate
2020
Low risk of bias Low risk of bias Interven- Deviations from intended Outcomedata Outcome as- Results likely to Three do-
due to appro- due to selection tion groups interventions unclear. Un-  available for Sessors were be selected from mains at
priate analysis based on partici-  clearly de- clear whether deviations nearly all par-  aware of the multiple mea- moderate
methods to con- pants character- fined were unbalanced between ticipants but intervention surements. Re- risk of bias.
trol for confound- istics observed groups. Unclear if co-in- exclusion of/ received by sults likely to be No domains
ing domains and after the start of terventions were balanced  missing par- participants. selected from dif-  at serious
reliable mea- the intervention across groups ticipants un- Methods of ferent subgroups  risk of bias.
surement of con- and most partic- clear outcome as-
founding do- ipants followed sessment
mains from the start of comparable
the intervention across groups
Simonsen Moderate Low Low Moderate Serious Low Low Moderate
2020
Low risk of bias Low risk of bias Interven- Deviations from intended Unclearifout- N/A Results likely to One do-
due to appro- due to selection tion groups interventions unclear. Un-  come data be selected from main at se-
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Table 4. Summary of assessment using the ROBINS-I tool (continued)

priate analysis based on partici-  clearly de- clear whether deviations available for multiple mea- rious risk of
methods to con- pants character- fined were unbalanced between  nearly all par- surements. Re- bias. Two
trol for confound- istics observed groups. Unclear if co-in- ticipants; ex- sults likely to be domains at
ing domains after the start of terventions were balanced  clusion of/ selected from dif- moderate

the intervention across groups missing par- ferent subgroups  risk of bias

and most partic- ticipants un-

ipants followed clear

from the start of

the intervention

Vlachos Serious Moderate Low Moderate Moderate Low Low Serious
2020
Low risk of bias Participant selec-  Interven- Deviations from intended Outcomedata Knowledge of  Results likely to One domain
due to appro- tion procedures tion groups interventions unclear. Un-  available for outcome as- be selected from at serious
priate analysis unclear clearly de- clear whether deviations nearly all par-  sessorsofthe  multiple mea- risk of bias.
methods to con- fined were unbalanced between ticipants but intervention surements. Re- Three do-
trol for confound- groups. Unclear if co-in- exclusion of/ received by sults likely to be mains at
ing domains and terventions were balanced  missing par- participants selected from dif- moderate
confounding do- across groups ticipants un- N/A.Methods  ferent subgroups  risk of bias
mains not mea- clear of outcome
sured reliably assessment
comparable

across groups

N/A: not applicable
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Table 5. Summary of assessment using the QUADAS-2 tool

Study informa- Domain 1: patient Domain 2: index Domain 3: reference test Domain 4: flow
tion selection test(s) and timing
Hoehl 2020 High Unclear Low/high: high for positive, low for negative High
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Appendix 2. Search strategies
Database: Ovid MEDLINE(R) ALL 1946 to December 08, 2020

Date search conducted: 9 December 2020

Strategy:

1 Coronavirus/ (4179)

2 Coronavirus Infections/ (44000)

3 COVID-19/ [MeSH 2021 - Included for future updates] (0)

4 SARS-CoV-2/ [MeSH 2021 - Included for future updates] (0)

5 COVID-19.rs. (39029)

6 severe acute respiratory syndrome coronavirus 2.0s. (33023)

7 (2019 nCoV or 2019nCoV or 2019-novel CoV).tw,kf. (1365)

8 (corona vir* or coronavir® or neocorona vir* or neocoronavir®).tw,kf. (45701)
9 COVID.mp. (78541)

10 COVID19.tw,kf. (937)

11 (nCov 2019 or nCov 19).tw,kf. (99)

12 ("SARS-CoV-2" or "SARS-CoV2" or SARSCoV2 or "SARSCoV-2").mp. (26538)
13 ("SARS coronavirus 2" or "SARS-like coronavirus" or "Severe Acute Respiratory Syndrome Coronavirus-2").mp. (37903)
14 or/1-13 [Set 1: SARS-CoV-2] (96498)

15 School Teachers/ (1606)

16 Schools/ (39273)

17 Students/ (60547)

18 ((campus* or class* or employee* or pupil* or staff* or student$1 or teacher$1) adj3 (college$1 or elementary or junior or middle* or
primary or secondary)).tw,kf. (54031)

19 educational setting$1.tw,kf. (1544)

20 (gradeschool* or highschool* or kindergarten* or school* or schoolbus*).tw,kf. (296102)
21 or/15-20 [Set 2: Primary or secondary school settings] (368794)

22 and/14,21 [Sets 1 & 2] (1530)

23 ((clos* or open* or re entry or re open* or re start* or reopen* or restart* or resum* or suspen*) and (highschool$1 or kindergarten* or
school$1)).ti. (854)

24 22 or 23 [Concept searches combined with specific title search] (2256)
25 limit 24 to "humans only (removes records about animals)" (2251)

26 limit 25 to yr="2020-Current" (1521)
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27 remove duplicates from 26 (1476)

Database: Ovid Embase 1974 to 2020 December 07

Date search conducted: 9 December 2020

Strategy:

1 coronaviridae/ (1064)

2 exp coronavirinae/ (22562)

3 exp coronavirus infection/ (24193)

4 (2019 nCoV or 2019nCoV or 2019-novel CoV).ti,ab,kw. (1353)

5 (corona vir* or coronavir* or neocorona vir* or neocoronavir*).ti,ab,kw. (44994)
6 COVID.af. (72428)

7 COVID19.ti,ab,kw. (947)

8 (nCov 2019 or nCov 19).ti,ab,kw. (68)

9 ("SARS-CoV-2" or "SARS-CoV2" or SARSCoV2 or "SARSCoV-2").af. (25308)
10 ("SARS coronavirus 2" or "SARS-like coronavirus" or "Severe Acute Respiratory Syndrome Coronavirus-2").af. (22762)
11 or/1-10 [Set 1: SARS-CoV-2] (105031)

12 elementary student/ (1557)

13 high school/ (21166)

14 high school student/ (8046)

15 kindergarten/ (2934)

16 middle school/ (1838)

17 middle school student/ (1405)

18 primary school/ (13129)

19 *school/ (17931)

20 school teacher/ (1646)

21 *student/ (26634)

22 ((campus* or class* or employee* or pupil* or staff* or student$1 or teacher$1) adj3 (college$1 or elementary or junior or middle* or
primary or secondary)).ti,ab,kw. (67575)

23 educational setting$1.ti,ab,kw. (1801)

24 (gradeschool* or highschool* or kindergarten* or school* or schoolbus*).ti,ab,kw. (360655)
25 or/12-24 [Set 2: Primary or secondary school settings] (431646)

26 and/11,25 [Sets 1 & 2] (1341)

27 ((clos* or open* or re entry or re open* or re start* or reopen* or restart* or resum* or suspen*) and (highschool$1 or kindergarten* or
school$1)).ti. (646)

28 26 or 27 [Concept searches combined with specific title search] (1872)
29 (animal experiment/ or exp animal/) not exp human/ (5055006)

30 28 not 29 (1863)
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31 limit 30 to yr="2020-Current" (1238)

32 remove duplicates from 31 (1216)

Database: Cochrane Central Register of Controlled Trials (CENTRAL; 2020, Issue 11) in the Cochrane Library
Date search conducted: 9 December 2020

Strategy:

#1 [mh ~Coronavirus] 2

#2 [mh A"Coronavirus Infections"] 506

#3 [mh A"COVID-19"] 0

#4 [mh A"SARS-CoV-2"] 0

#5("2019 nCoV" or 2019nCoV or "2019 novel CoV"):ti,ab,kw 10

#6 ((corona next vir*) or coronavir® or (neocorona next vir*) or neocoronavir*):ti,ab,kw 2093

#7 COVID:ti,ab,kw 3420

#8 COVID19:ti,ab,kw 228

#9 ("SARS-CoV-2" or "SARS-CoV2" or SARSCoV2 or "SARSCoV-2"):ti,ab,kw 1317

#10 ("SARS coronavirus 2" or "SARS-like coronavirus" or "Severe Acute Respiratory Syndrome Coronavirus-2"):ti,ab,kw 250
#11 {or #1-#10} 3696

#12 [mh 2"School Teachers"] 118

#13 [mh ~Schools] 1994

#14 [mh AStudents] 2686

#15 ((campus* or class* or employee* or pupil* or staff* or student* or teacher*) near/2 (college* or elementary or junior or middle* or
primary or secondary)):ti,kw 2968

#16 (educational next setting*):ti,ab,kw 116

#17 (gradeschool* or highschool* or kindergarten* or school* or schoolbus*):ti,kw 20924
#18 {or #12-#17} 24604

#19 #11 and #18 15

#20 ((clos* or open* or "re entry" or (re next open*) or (re next start)* or reopen* or restart* or resum* or suspen*) and (highschool* or
kindergarten* or school*)):ti,ab 390

#21 #19 or #20 405

#22 #19 or #20 in Trials 180

#23 #19 or #20 with Publication Year from 2020 to 2020, in Trials 26

Database: Cochrane COVID-19 Study Register

URL: https://covid-19.cochrane.org/ (searched via the Cochrane Register of Studies: https://crsweb.cochrane.org/)
Date search conducted: 9 December 2020

Strategy:

1 ((campus* OR class* OR employee* OR pupil* OR staff* OR student* OR teacher*) ADJ3 (college* or elementary OR junior OR middle* OR
primary OR secondary)):TI,AB AND INREGISTER 148
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2 (educational NEXT setting*):TI,AB AND INREGISTER 2

3 (gradeschool* OR highschool* OR kindergarten* OR school* OR schoolbus*):TI,AB AND INREGISTER 597
4#1 OR#2 OR #3708

Contents note: The Cochrane COVID-19 Study Register contains study references from ClinicalTrials.gov, WHO International Clinical Trials
Registry Platform (ICTRP), PubMed, Embase.com, medRxiv and other hand-search articles from publishers' websites.

Database: Ovid ERIC 1965 to September 2020
Date search conducted: 9 December 2020
Strategy:

1 ("2019 nCoV" or 2019nCoV or "2019 novel CoV" or coronavirus or COVID or COVID19 or "nCov 2019" or "nCov 19" or "SARS-CoV-2" or
"SARS-CoV2" or SARSCoV2 or "SARSCoV-2" or "SARS coronavirus 2" or "SARS-like coronavirus").ti,ab. (134)

2 limit 1 to yr="2020-Current" (133)

Database: WHO COVID-19 Global literature on coronavirus disease

URL: https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/
Date search conducted: December 09, 2020

Strategy:

(tw:(school* AND (elementary OR grade* OR high* OR junior OR kindergarten* OR middle* OR primary OR secondary))) OR (tw:
(highschool*)) (1629)

Source: Google
URL: https://www.google.com/
Date search conducted: 10 December 2020

Strategy: (coronavirus | covid | SARS-CoV-2) (children | pupil | staff | student | teacher) ("educational setting" | "educational settings" |
gradeschool | highschool | kindergarten | school)

Searched the first 10 pages of results (n=100)

Kept 53

Top up Search conducted in August 2021

Database: Cochrane COVID-19 Study Register

URL: https://covid-19.cochrane.org/ (searched via the Cochrane Register of Studies: https://crsweb.cochrane.org/)
Date search conducted: 5 August 2021

Strategy:

1 ((campus* OR class* OR employee* OR pupil* OR staff* OR student* OR teacher*) ADJ3 (college* or elementary OR junior OR middle* OR
primary OR secondary)):TI,AB AND 09/12/2020_TO_05/08/2021:CRSCREATED AND INREGISTER 360

2 (educational NEXT setting®):TI,AB AND 09/12/2020_TO_05/08/2021:CRSCREATED AND INREGISTER 15

3 (gradeschool* OR highschool* OR kindergarten* OR school* OR schoolbus*):TI,AB AND 09/12/2020_TO_05/08/2021:CRSCREATED AND
INREGISTER 1163

4#1 OR#20R#3 1431

Contents note: The Cochrane COVID-19 Study Register contains study references from ClinicalTrials.gov, WHO International Clinical Trials
Registry Platform (ICTRP), PubMed, Embase.com, medRxiv and other hand-search articles from publishers' websites.
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Appendix 3. Data extraction form

Study information

o StudyID

o Studytitle

« Publication year

« Study source (journal, report, preprint publication)
« For preprint publication only: date of publication

Study design

« Study type (e.g. modelling study, cross-sectional study, econometric study)
« Data type (e.g. modelling versus observational data)

« Verbal summary of study (e.g, stochastic discrete event simulation model)
« Comments

Population and setting

« Population group targeted by intervention (students, teaching staff, school staff, parents, other family members, other individuals
outside school)
o Type of population (i.e. students versus teachers versus school staff)

o Age
o Risk profile (e.g. elevated risk of infection, adverse health effects due to COVID-19, students with special learning needs, students
from disadvantaged families)
« Characteristics of school (e.g. socioeconomic status of school location or student’s families, catchment area)
« Study setting (e.g. primary school, high school, other school forms)
« Comments

Intervention
« Broad measure category

« Measures reducing the opportunity for contacts
» Measures making contacts safer

o Surveillance and response measures

« Multicomponent intervention

« \Verbal summary of the measures

« Duration of the intervention

« Level of intervention (i.e. individual, cohort, school, macro, multiple)
« Comments

Outcomes (repeated for each outcome) and results

» Outcome category
o Transmission-related outcomes,

o Healthcare utilisation,
o Other health outcomes and
o Societal, economic and ecological implications.
« Description of outcome
« Outcome attributable to measures (yes/no)
« Level on which outcome is assessed (i.e. students, teachers, staff, wider community, general population)
« Length of follow-up
« Estimate related to the impact of measure(s) implemented in the school setting
« Summary of overall impact of measure(s) implemented in the school setting
« Comments

Implementation
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« Implementation outcomes (e.g. adherence, fidelity)
« Implementation strategies (e.g. enforcement, communication and feedback)
« Implementation agents (e.g. parents, teachers, bus drivers)

Context

« Country in which measure is implemented

« Co-interventions

« Other relevant contextual factors (geographical, sociocultural, socioeconomic, ethical, political, legal, and epidemiological context on
the macro (e.g. international, national or state level) and meso level (e.g. community)

« Comments

Appendix 4. QUADAS-2 domains as applied in the rapid review

Domain

Signalling question

Application in this review

Domain 1: partici-
pant selection

A. Risk of bias

1.1 Was a consecutive or
random sample of partic-
ipants enrolled?

Assess how the individuals screened and/or quarantined
as part of the study were determined; where all individu-
als were screened (e.g. as part of a blanket screening) or
where a random sample was selected, a risk of bias is not
likely.

1.2 Was a case-control
design avoided?

If disease status was used to determine the sample, a risk
of bias should be considered.

1.3 Did the study avoid
inappropriate exclu-

Any exclusions to screening/quarantine programmes
should be justified; however even with justification, exclu-

sions? sions could lead to bias, especially where the screening
and disease status of those excluded are unknown. Thus,
if no exclusion criteria were applied, the risk of bias is low.
Comments -

1. Could the selection of
participants have intro-
duced bias?

Consider whether bias may have arisen from 1.1 to 1.3

B. Concerns regard-
ing applicability

Describe included partic-
ipants (prior testing, pre-
sentation, intended use

of index test and setting)

Consider those individuals screened, and whether they
are representative of individuals likely to be screened
during the COVID-19 pandemic. These studies should be
therefore regarded as having a low external validity.

Is there concern that the
included participants
do not match the review
question?

See above

Domain 2: index A. Risk of bias 2.1 Can we be sure that Consider how those screened positive were determined -
test(s) those identified in index all ‘positives’ should stem from the symptom screening
test (true and false pos- and not from any other procedures (e.g. self-reporting of
itive screening results) cases missed by the screening intervention; based on res-
were identified by thein-  piratory symptoms).
dex test (e.g. automat-
ed fever scanner) rather
than any other means
(e.g. self-reporting)?
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(Continued)

2.2 Were the index test
results interpreted with-
out knowledge of the
results of the reference
standard?

Consider whether, for example, the results of the PCR test
were known when symptom or fever screening was ap-
plied to individuals.

2.3 If athreshold was
used, was it prespeci-
fied?

Consider for temperature screening, whether the cut-off
for determining acceptable/high temperature was pre-
defined; for symptom screening, consider whether any
symptom or a certain threshold of symptoms was used
in defining whether an individual was symptomatic and
whether this was predefined.

Comments on risk of bias

2. Could the conduct or
interpretation of the in-
dex test have introduced
bias?

Consider whether bias may have arisen from 2.1 to0 2.3

B. Concerns regard-
ing applicability

Describe the index test
and how it was conduct-
ed and interpreted

Consider the screening/quarantine programme assessed,
and whether it is representative of one likely to be applied
as part of screening programmes during the COVID-19
pandemic.

Is there concern that the

index test, its conduct, or
interpretation differ from
the review question?

See above

Domain 3: ap-
proach to identify
cases and timing

A. Risk of bias

3.11Is the reference stan-
dard (the approach to
identify and classify 'cas-
es') likely to correctly
classify the target condi-
tion (is there active infec-
tion with SARS-CoV-2)?

Consider whether the approach to identify cases may
have missed relevant cases or classified individuals not in-
fected with SARS-CoV-2 as a case. Any method other than
positive PCR test results can be considered at high risk of
bias.

For the studies using a case-classification based on a posi-
tive PCR test, we assumed the risk of bias due to false pos-
itives as low due to the high specificity of the PCR test (in
particular if the population is assumed to have a high risk
of infection).

However, there is a considerable risk of false negatives for
the PCR test, primarily due to the course of infection (e.g.
very low probability of detection in the first days after in-
fection), but also due to inadequate procedures for speci-
men collection, handling, transportation, or storage (e.g.
if only a single test shortly after an infection is applied to a
swab sample, the viral load in the individual may not have
been high enough for detection, leading to a false-nega-
tive test).

We therefore assume a high risk of bias in studies, where
asymptomatic individuals do not receive at least two PCR
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tests and symptomatic individuals did not receive at least
two PCR tests after symptom onset.

3.2. Were the reference
standard results inter-
preted without knowl-
edge of the results of the
index test?

Consider whether, for example, the results of the symp-
tom screening were known when the classification was
conducted. For PCR tests, where the risk of subjective
judgements to have led to a risk of erroneously classifying
a test result as negative or positive is regarded as low, this
knowledge of the outcome of the index test is still regard-
ed as leading to a low risk of bias.

Comments on risk of bias

3. Could the reference
standard, its conduct, or
its interpretation have in-
troduced bias?

Consider whether bias may have arisen from 3.1 to 3.2

Describe the reference
standard and how it was
conducted and interpret-
ed

Consider the procedure for determining who receives the
reference standard (the PCR test used to identify cases),
and whether it is representative of that likely to be ap-
plied as part of screening programmes during the COV-
ID-19 pandemic.

B. Concerns regard-
ing applicability

Is there concern that the
target condition as de-
fined by the reference
standard does not match
the review question?

See above

Domain 4: flow
and timing

4.1. Did all participants
receive the reference
standard?

Consider whether all individuals received the reference
test (the respective approach to identify and classify ‘cas-
es’; in most cases likely the PCR test).

For example, if only those who were screened positive
(positive index test) and those who developed symptoms
during a quarantine observational period were given a
PCR test, as this would have led to a high risk of bias due
to cases being missed).

If individuals declined to or for other reasons receive the
reference standard (e.g. PCR test), this could lead to cases
being missed, which puts the study at a high risk of bias.

Note: this is independent from 3.1, which evaluates the
appropriateness of the approach to classify individuals as
cases.

A. Risk of bias

4.2, Did all participants
receive the same refer-
ence standard?

Consider whether the procedure for identifying cases was
the same across all individuals or whether it was applied
differently without an adequate justification (e.g. individ-
uals with symptoms receiving a different testing proce-
dure).

Studies, which used different approaches for classifying
cases (e.g. some cases defined based on chest computer
tomography and some based on PCR) would be classified
as high risk of bias.
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Studies in which the classification of cases is based on
multiple PCR tests, we consider a high risk of bias if some
symptomatic individuals were treated differently from
other symptomatic individuals (e.g. some received more
PCR tests than others) and if some of the asymptomatic
individuals were treated differently from asymptomatic
individuals.

4.3. Were all participants
included in the analysis?

Is there likely no or a very
low risk of attrition bias?

Consider whether some individuals may have been ex-
cluded from the analysis; this would lead to a high risk of
bias.

4.4, 1s it possible that the
true disease status could
have changed between
the application of the in-
dex test and the refer-
ence standard?

Consider whether individuals may have become infected
after the initial screening, e.g. if being quarantined among
other infected individuals led to some initially non-infect-
ed individuals becoming infected. If there is a high risk
that individuals who were classified as cases were not cas-
es (i.e. not infected with SARS-CoV-2) at the time when the
index test was applied, this would lead to a high risk of
bias.

Comments on risk of bias

4. Could the participants
flow have introduced
bias?

Consider whether bias may have arisen from 4.1 to 4.4

Appendix 5. Tool for criteria used for assessing the quality of individual modelling studies, developed from Burns J

2021
Aspect Source Questions Application in this review Examples
Model structure  Philips 2006 1. Are the struc- 1. Assess whether all structural mod- Description of model type and

tural assump-
tions transparent
and justified?

el assumptions are explicitly stated
and whether the authors substantiate
these assumptions, either through
theoretical reasoning or through pri-
or knowledge from the literature.

defining equations

Comprehensible explanation
of model variables and equa-
tions

Description of features of the

disease captured by the mod-
el, e.g. arandomly distributed
incubation time

Explanations of model struc-
ture implications by text or
graphical representations vi-
sualising the simulation path-
way, e.g. a scheme of the con-
text being modelled
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Description of model limita-
tions and simplifying assump-
tions

2. Are the struc- 2. Consider whether the structural as-

tural assump- sumptions are consistent with what

tions reason- is known about the phenomenon of

able, given the interest in the literature. In case of

overall objec- disagreement, assess to what extent

tive, perspective  these discrepancies undermine the

and scope of the  overall validity of results and conclu-

model? sions.

Input data Caro 2014 3. Are thein- 3. Assess whether the values of allin-  Epidemiological characteris-
put parameters put parameters are explicitly stated tics known from other studies
transparentand  and whether the authors substantiate
justified? these values, either through theoreti-  Inputs to data calibration algo-

cal reasoning or through prior knowl-  rithms
edge from the literature.
Table with input parameters
and probability distributions
used for probabilistic model-
ling
Explanation and discussion
of choice of parameter values
with appropriate citations
4. Are the input 4. Consider whether the input pa-
parametersrea-  rameter values are consistent with
sonable? what is known about the phenom-
enon of interest in the literature. In
case of disagreement, assess to what
extent these discrepancies under-
mine the overall validity of results
and conclusions.
Validation (ex- Caro 2014 5. Has the exter- 5. Assess whether there was a formal Calibration of SEIR model to

ternal)

nal validation
process been de-
scribed?

process of comparing the predictions
of the model with: i) the data source
that was used to build the model (de-
pendent validation); ii) a data source
that was not used to build the mod-
el, e.g. an independent country (inde-
pendent validation); or iii) future val-
ues that did not intervene in model
building (predictive validation).

case data (dependent valida-
tion)

Prediction of a subset of ob-
served data points based on
training data set and compar-
ison with validation data set
(dependent validation)

Prediction of data points of
country/region that was not
part of the model fitting and
calibration process and com-
parison with observed data
(independent validation)

6. Has the mod-
el been shown
to be externally
valid?

6. Consider the extent to which mod-
el predictions agree with the data
sources that were selected for the ex-
ternal validation process.

Prediction of future values
that were not used in model
building (predictive validation)
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Validation (in- Caro 2014 7. Has the inter- 7. Assess whether there was a for- Application of the model on
ternal) nal validation mal process of verifying the extentto ~ simulated data to establish
process been de-  which the mathematical calculations  that analyses work as intend-
scribed? are consistent with the model’s spec-  ed
ifications, e.g. in the form of a simu-
lation study in which the mathemat- Code review process conduct-
ical calculations are applied to data ed by authors or by an inde-
that were simulated according to the pendent source to ensure cor-
model with known parameter values. rect implementation of mathe-
matical structure
8. Has the mod- 8. Consider the extent to which the Independent replication of
el been shown results of the internal validation model
to be internally process indicate that the mathemat-
valid? ical calculations are consistent with
the model’s specifications.
Uncertainty Caro 2014 9. Was there an 9. Consider whether the robustness Structural and parameter sen-
adequate assess-  of results to alternative input para- sitivity analyses
ment of the ef- meter values or model assumptions
fects of uncer- was assessed, either by reportingthe  |nherent stochasticity due to
tainty? results of specific sensitivity analyses  simulation nature of model
or through an app in which readers
can themselves explore the effects Reporting of an app in which
of varying these model assumptions  gffects of input changes can be
and input parameter values. tracked
Propagation of present uncer-
tainties to outcomes
Was the model probabilistic,
i.e. were parameter values
fixed or sampled from a distri-
bution?
Is uncertainty transparently
reported, described and justi-
fied?
Transparency Caro 2014 10. Was techni- 10. Assess whether the description of ~ Description of model which is

cal documen-
tation, in suffi-
cient detail to al-
low (potentially)
for replication,
made available
openly or under
agreements that
protect intellec-
tual property?

the analyses (including model struc-
ture, input parameters, data sources
and methods) is sufficiently detailed
to allow for the replication of results.
In particular, consider whether the
code that was used to obtain the re-
sults is freely available and well docu-
mented.

qualitatively extensive enough
to allow for scrutiny of other
researchers (e.g. supplemen-
tary material)

Do authors encourage replica-
tion by clarifying a procedure
to obtain code?

Do the authors only refer to
other, similar models for justi-
fication and detailed method-
ological description or do they
provide their own documenta-
tion?
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Appendix 6. Comparison between preprints and published peer-reviewed articles

Preprint ID Full publication ID Differences

Burns A 2020 Burns A 2021 Title: changed
Methods: more details on model, its validation and parameters
Results: The authors focus on the two outcomes: outbreak duration and at-
tack rate (less outcomes as presented in the preprint); results have been re-
structured to reduction in attack rate. The results do not seem to correspond
to the ones reported in the preprint. The figure axes have been adapted to
make the graphs more comparable.
Discussion: in the first paragraph, the results are reported differently now
(preprint: "For influenza, a 15% and 25% reduction in the attack rate is expect-
ed with one and two days of isolation" versus peer-reviewed article: "For in-
fluenza, requiring isolation for fever is expected to reduce the typical attack
rate by 29 (13-59)% and 70 (55-85)% with 1 and 2 days of post-fever isolation,
respectively."); for covid-19, it is the same (preprint: "For COVID-19, we find
that one day of post-fever isolation would reduce the attack rate by 8% in the
conservative scenario where only 50% of the cases detect fever" versus peer-
reviewed article: "Indeed, we found that a 1-day post-fever isolation policy
would reduce the attack rate in schools by 7 (5-14)%, and with 14 days of fever
isolation we estimated that the attack rate would change by 14 (5-26)%."

Curtius 2020 Curtius 2021 Title: not changed
Methods: one additional section in methods, some sections moved from re-
sults (Curtius 2020) to methods (Curtius 2021); number of particles emitted
per hour changed from 68.400 to 198.000; estimated risk of one infection in the
classroom 70% (Curtius 2021), instead of 33% (Curtius 2020); no implication
for results (unless we misunderstood)
Results: few smaller new sections (i.e. p9: "from the average...", "The OPS
total number..."; added comparison with venting a room (p.10 and supple-
ments); no change in overall results/conclusion: the overall conclusion "in-
haled dose via airborne transmission is reduced by a factor of six when using
air purifiers with an air exchange rate of 5.7/h" remains the same but there is
one changed measurement in the results section: total aerosol mass (p.9, up-
per right): "56 mg/m3 at the beginning of the lesson to about 9 mg/m3" in-
stead of reduction from 35 mg/m?3 to 6 mg/m?* (Curtius 2020)
Discussion: minor changes

Di Domenico 2020a Di Domenico 2021 Title: not changed

Background/intro: appears to be differences because of additional data that
became available after the preprint was written: "This study was conducted in
the lockdown phase, before its end in May, and was therefore based on a sce-
nario analysis. Here, we also provide an ex-post assessment of the epidemic
situation reported by data that became available after the initial submission."

Methods: different parameters described in preprint versus peer-reviewed:

o Preprint: "Intervention measures are modeled through modifications of the
contact matrices, accounting for a reduction of the number of contacts en-
gaged in specific settings. For example, the lockdown matrix is constructed
assuming 70% of workers not going to work (because of telework, closure of
activity, caring for children not going to school, and other cases), school clo-
sure, 90% reduction of contacts established by seniors, and closure of non-
essential activities"

« Peer-reviewed: "Intervention measures were modeled through modifica-
tions of the contact matrices, accounting for a reduction of the number of
contacts engaged in specific settings. The lockdown matrix was constructed
assuming a certain fraction of workers not going to work (because of tele-

Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 95
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

(Continued)

work, closure of activity, caring for children not going to school, and other
cases), school closure, 50% reduction of contacts established by seniors, and
closure of non-essential activities"

Results: major differences in numerical findings, probably because of differ-
ent dates/parameters used to construct model.

Examples:

« Preprint: "Calibrating the model in the lockdown phase to ICU admission da-
tauptoApril 28,2020, we estimate a drop of the reproductive number from R’
=3.0[2.8, 3.2] (95% confidence interval) prior to lockdown to R+, =0.53 [0.49,
0.58] during lockdown, in agreement with recent estimates."

« Peer-reviewed: "Calibrating the modelin the lockdown phase to hospital and
ICU admission data up to April 26, 2020, we estimated a drop of the repro-
duction number from RO = 3.28 [3.20, 3.39] (95% confidence interval) prior
to lockdown 4 to RLD = 0.71 [0.69, 0.74] during lockdown, in agreement with
prior estimates"

« Preprint: "model projections indicate that by May 11 the region may experi-
ence 350 [268, 421] new clinical cases per day (corresponding to 710 [555,
869] new infections), 18 [10, 28] new admissions in ICUs, with an ICU system
occupied at 42% [33, 52]% of currently strengthened capacity (Figure 1). Es-
timated fluctuations refer to 95% probability ranges from simulations para-
meterized with R+, =0.53."

o Peer-reviewed: "Model projections indicate that by May 11 the region would
experience 945 [802, 1076] new clinical cases per day (corresponding to 2391
[2025, 2722] new infections), 18 [11, 29] new admissions in ICUs, with an ICU
system occupied at 47% [37, 57]% of strengthened capacity"

Discussion: no major changes

Head 2020 Head 2021 Title: changed
Abstract: While the results remain the same, the authors add one important
sentence: "However, we found that reopening policies for elementary schools
that combine universal masking with classroom cohorts could result in few
within school transmissions, while high schools may require masking plus a
staggered hybrid schedule."
Methods: no major changes
Results: no major changes
Discussion: stronger focus on effectiveness of reopening strategies "Some re-
opening strategies can result in few in-school transmissions among students
and teachers alike, according to our findings. Most notably, our model found
that reducing in-school mixing via classroom cohorts or hybrid scheduling is
an effective means of reducing the risk of school-attributable illness across all
levels of education, especially when combined with universal masking. These
findings concur with observations of schools that reopened with universal
masking, social distancing and a hybrid or cohort approach and avoided large
outbreaks"

Kaiser 2020 Kaiser 2021 Title: changed
Abstract: substantially condensed
Background: substantially shortened
Methods: mean of out-of-school student contacts as per CILS4EU data cited
3.58in preprint and 3.15 in peer-reviewed version; no implications for model
as average number of out-of-school interactions still 4.2 in both preprint and
peer-reviewed version (daily/weekly contact probabilities)
Model parameters: baseline probabilities of infection: same (modelled for 5%,
15%, 25%); proportion of subclinical infections modelled for 20%, 40%, 60%
and 80% in preprint and 20%, 50%, 80% in peer-reviewed version
Results: section on the superiority of cohorting versus not cohorting short-
ened (fig 3 adapted, fig 4 removed in the peer-reviewed version); reductions
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of cross-cohort ties for different cohorting strategies: same (preprint versus
peer-reviewed); figure 6 (preprint) simplified (= fig 5 in peer-reviewed version);
performance of different cohorting strategies: same in preprint versus peer-
reviewed version, however, the numbers cited in the example on page 7, line
6 onwards differ slightly in peer-reviewed version; sensitivity analyses report-
ed in supplements; short section added that reports on performance of the
gender-split versus other models in individual classrooms (as opposed to ag-
gregated results) - while network-chain cohorting performs better than gen-
der-split cohorting in the majority of classrooms, gender-split cohorting per-
forms better in a minority of classrooms (e.g. in very gender-segregated in-
school and out-of-school cohorts); short section added reporting on another
cohorting model: attendance for one cohort on Monday/Tuesday and for the
other on Wednesday/Thursday - more effective when overall transmission is
low (due to less time spent in school overall), less effective compared to week-
ly rotation when transmission is high (less “cool-down”/natural quarantine
time)

Discussion: minor changes

Keeling 2020 Keeling 2021 Title: not changed
Abstract: not changed
Methods: no major changes (just rearrangement of presentation of figures)
Results: no major changes
Discussion: no changes to the Discussion but the authors have added an 'In
context' section which puts the paper into context of simulated versus actual
reopening. The authors acknowledge that the Delta variant has changed the
context in which schools have reopened. The authors state that in their sim-
ulations, return to schools was unlikely to push R above 1, but that the Delta
variant may cause R to go above 1 upon reopening. The authors also conduct-
ed a retrospective analysis and found that in many regions, there was a pos-
itive correlation between cases in the community and cases in schools, with
weak evidence suggesting that cases in schools lag behind cases in the sur-
rounding community. Ultimately, the authors conclude that reopening schools
(especially secondary schools) is associated with an increased risk of trans-
mission both within the school-aged pupils and in the wider community. The
scale of this increase will inherently depend on the strength of control mea-
sures within the classroom and the compliance with mass testing as well as
measures in the local community.

Landeros 2020 Landeros 2021 Title: not changed
Abstract: slightly changed, more details on methods, results and implications

Methods: method section more detailed, e.g. more details on the simulation
of prevalence tresholds; they also conduct an analysis of different test sensitiv-
ities

Results: the way the results are presented graphically was revised; the as-
sessment of test sensititivity which was only a parameter in the preprint is
now specifically reported ("Compared to this ideal scenario, an imperfect test
with 50% detection leads to a slightly later stopping time owing to infections
spread by undetected cases and greater overall paediatric infections. The ef-
fect is less pronounced in the adult population due to high adult-adult trans-
mission."

They adapted the natural transmission rates and reran the model, resulting in
different results for the reproduction number:

« Preprint: "The combined impacts of these risk reduction strategies are mod-
eled as 20%, 40%, 60%, and 80% reductions in the transmission rates f11
and P12 relative to reference values. We particularly examine the changes
in infection levels under each scenario, taking care in selecting the adult val-
ues 321 and f22 to account for simultaneousrisk reduction strategies among
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adults. Specifically, we take 11 = 0.1 and 12 = 321 = 322 = 0.5 as natural
rates. Under a baseline model reducing transmission rates in adults to 21 =
322 =0.2, we achieve an RO = 1.8 when schools remain closed. We choose to
model increased contact rates $11(t) = ¢ x 0.1 by taking ¢ = 10, which corre-
sponds to RO = 3.3 under the full capacity reopening scenario. This necessar-
ily represents an extreme that illustrates effects in a poor situation."

o Peer-reviewed article: "Combined impacts of these strategies are modeled
as 20%, 40%, 60%, and 80% reductions in the transmission rates 311 and 322
relative to reference values. Specifically, we take 11 = 0.12, 12 =0.3, 21
=0.18, and 322 = 0.6 as natural rates and apply a 40% reduction factor to
adults by setting 321 = 0.072 and (322 = 0.24. This implies RO = 1.7 prior to
reopening. Increased contact is modeled by taking c = 10 so that f11 = 1.2,
which corresponds to RO = 2.2 under the full capacity reopening scenario."

Discussion: in the conclusion, the authors now conclude: "We find that mea-
sures reducing class density by rotating cohorts between in-person and re-
mote schooling are likely to have greater impact in reducing the spread of
SARS-CoV-2 than policies such as mask wearing, handwashing, and physical
distancing in the classroom. Nevertheless, the latter policies combined with
areduction in class density are still quite effective in reducing effective trans-
mission" versus "As already mentioned, our simulations suggest that mea-
sures that reduce class density by rotating cohorts between in-person and on-
line schooling are likely to have the greatestimpact in reducing the spread of
SARS-CoV-2 brought on by the resumption of in-person instruction."

Lazebnik 2020 Lazebnik 2021 Title: not changed
Abstract: shortened; message remains the same
Methods: minor changes
Results: 3.3. Lockdown policies - added paragraph: "The lockdown policy is
similar to the schooling-working hours policy in the manner that both modify
the spatial dynamics of the population. Nevertheless, the schooling-working
hours policy defined the number of hours all the children and working adults
populations go to school and work, respectively, while the lockdown policy
keeps part (or all) the population at home all day long alongside the remain
part of the population keeps the regular working and schooling hours. In ad-
dition, the lockdown policy isolates individuals at home, which is expressed
by the fact that individuals can contact with them but they can not initial an
contact with other individuals while this constraint does not take place in the
working-schooling hours policy."
Discussion: minor changes

Lyng 2020 Lyng 2021 Title: not changed

Methods: refer more specifically to classical epidemiological susceptible, in-
fectious-asymptomatic, infectious-symptomatic, removed (SIR) model in their
peer-reviewed version. In the peer-reviewed version, they justify why they did
not add the exposed category to the model ("We do not include an “exposed”
category as is often done for compartmental models but account for the short-
er time a person is infectious rather than the longer period of time they are
infected."); add justification about choice of Miami-Dade as one scenario for
their forcing ("It should be noted that the case counts in Miami-Dade County
over this time period are outliers compared to case counts in other counties
across the US over the past ten months. These cases are chosen for illustration
to show the widest array of possible scenarios.")

Results: peer-reviewed paper: "At the most lenient frequency considered,
every 14 days, the number of infections is reduced approximately 21-56% (ver-
sus 31% to 98% in preprint) compared to no testing at all."

« "Forexample, at a test sensitivity of 80%, testing every day reduces the num-
ber of cumulative infections relative to no testing by 95.9-99.9% while test-
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ing every 14 days reduced the number of cumulative infections at day 100
relative to no testing by only 26.0-27.1% (versus preprint: for example, at a
test sensitivity of 80%, the effect of testing every day in a population of 1500
compared to testing every 14 days reduced the number of cumulative infec-
tions at day 100 by 364 in the low prevalence community and by 958 in the
high prevalence community)"

« "Importantly, at sensitivities of 98% our models predict that a two-day de-
lay in results (by send-out PCR, for example) will result in just a 31% reduc-
tion (versus 59% in preprint) in infections experienced at a 14-day testing fre-
quency; however, as the testing frequency is increased, even with the two-
day delay, the number of missed infections goes down rapidly to a 99% re-
duction from no testing at all to a daily testing frequency."

Discussion: peer-reviewed paper: additional information: "Even with a highly
specific (99.5%) test such as a PCR, in a low prevalence community with large
pools, false positives may still become an issue. The previous example results
in 253 false positives over 100 days, highlighting the importance of confirmato-
ry testing."

Munday 2020 Munday 2021 Title: not changed
Methods: minor changes
Results: peer-reviewed paper - added information:

« Networks of household-based contact between schools. “We constructed
a set of seven networks of schools using individual-level de-identified data
of pupils attending state-funded schools in England. Links between schools
were defined by the number of unique contact opportunities (pupil to pupil)
formed through shared households. First, we constructed a network with
schools fully open (all pupils attending school) and included 21,583 schools,
attended by 4.6 million primary school children and 3.4 million secondary
school children in attendance, living at 4.9 million unique addresses (Fig. 1).
The remaining six networks each represented a reopening scenario relevant
to policy in England, illustrated in Fig. 2. In each scenario different combina-
tions of year-groups return to school: early-years education (Reception and
Year 1, i.e. 4-6-year-olds) and time-sensitive groups in transition, e.g. through
exam certifications or transitional years (Year 6, i.e. 10-11-year-olds, Year 10,
i.e. 14-15-year-olds and Year 12, i.e. 16-17-year-olds). These contained be-
tween 21 and 100% of all schools and between 35 and 66% of all households
(Table 2).” (reported numerical data did not change)Degree distributions of
the transmission probability network: “From the contact networks, we esti-
mated the probability of transmission between each pair of schools to assign
as edge weights in a transmission probability network for each reopening
scenario.”

« Connected components of binary outbreak networks: “Using the transmis-
sion probability networks, we generated 1000 realisations of binary outbreak
networks for each scenario, where the edges between schools were weighted
either 1, with probability equal to the transmission network, or 0. If schools
were linked by an edge of weight 1, transmission occurred between the
schools in that realisation, edges of weight 0 indicated no transmission be-
tween the schools they linked. Connected components on these net- works
formed groups of schools that would be infected in an outbreak initiated in
the same group, for that realisation.”

Discussion: peer-reviewed paper - added paragraphs:

« “Since reopening in September there has been mixed evidence of transmis-
sion of SARS-CoV-2 in schools. However, because evidence of school out-
breaks is largely based on passive case detection, the true risk of school
transmission may be substantially underreported as children have a lower
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risk of developing symptoms after infection. Moreover, UK prevalence sur-
veys show 11-18-year-olds routinely have the second-highest prevalence
after 18-29-year-olds. Further, school children are estimated to be several
times more likely to introduce infection into the household than adults—a
rate which has increased since schools reopened in September, suggesting
thattransmission in schools may have been animportant factorin driving the
outbreak since school reopening. Consensus on this matter remains elusive,
and our results should therefore be considered in light of the most recent
available evidence to the reader.” (versus preprint: “Scientific consensus on
this matter remains elusive, and our results should therefore be considered
in light of the most recent available evidence to the reader.”)

“Our model presupposes that the expected outbreak risk within the school
network is closely related to the risk within the wider community. That is, the
risk of an infectious pupil seeding a school outbreak is proportional to the
prevalence of infection in the community. Therefore, the transmission risks
associated with opening schools would be expected to increase as preva-
lence in the surrounding community increases.”

“This framework also implies a well-mixed contact network within each
school, final sizes are likely to be smaller due to preferential mixing within
school years, classes and by gender. In addition, if schools implement social
bubbles to introduce community structure in the contact network and there-
fore reduce the probability of a school-wide outbreak. This is partly reflect-
ed in the low values of R that have been chosen relative to those estimated
early in the outbreak of 2.0-3.1) but our estimates of the number of house-
holds impacted may still be an overestimate compared to any real situation
which would include mitigation measures (e.g., improved hand hygiene and
use of face masks) and reactive interventions in response to cases detected
in schools.” (versus preprint: “This framework also implies a well-mixed con-
tact network within each school, final sizes are likely to be smaller if schools
implement social bubbles to introduce community structure in the contact
network and therefore reduce the probability of a school wide outbreak. The
reproduction number was assumed to be invariant between schools, this ap-
proach was chosen to maintain the parsimony of the approach, as modelling
internal transmission dynamics of individual schools would increase com-
plexity considerably.”)

“Our framework assumes no presence of immunity, however, there is evi-
dence of immunity to SARS-COV-2 in children. The true immunity in schools
is likely to vary both by region and between schools, however, the resolution
of data on immunity in England is poor and certainly cannot be resolved at a
school level. Similarly, the reproduction number was assumed to be invari-
ant between schools, this approach was chosen to maintain the parsimony
of the approach, as modelling internal transmission dynamics of individual
schools would considerably increase the complexity. In light of these sim-
plifications, our results should be interpreted as the maximal risk posed by
transmission within and between schools. We assumed child-to-child trans-
mission within households occurs with probability g = 0.15, which is consis-
tent with estimates of the household secondary attack rate. To assess the
robustness of the results to this assumption, we re-ran the analysis with g
=0.3 and q = 0.08 (Supplementary Figs. 2-5), and although the sizes of the
connected components changed, the relative impact of scenarios remained
comparable to the main analysis. In the absence of more robust evidence,
however, we cannot rule out that transmission between children might be
different from general transmission patterns to a degree that would funda-
mentally affect our results.” (versus preprint: “We assumed transmission be-
tween members of the same household to occur with probability q = 0.15,
which s consistent with estimates of the household secondary attack rate. To
assess the robustness of the results to this assumption, we re-ran the analy-
sis with g = 0.3 and g = 0.08 (supplementary material), where although the
sizes of the connected components changed, the relative impact of scenarios
remained comparable to the main analysis.”)
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« “Furthermore, such restrictions may be essential for suppressing transmis-
sion. While our results should not be considered as realistic epidemiologi-
cal projections, our simulations provide an indication of the relative impact
of each scenario, using highly resolved schools data.” (versus preprint: “Fur-
thermore, such restrictions will be essential for suppressing transmission in
the event that all secondary schools are opened.”)

« “Ifdetailed projections were desired, the framework could be extended to in-
clude within-school contact structure, however, this would greatly increase
the network size and therefore computational effort required. The principles
highlighted in our analyses are not constrained to SARS-CoV-2 and may be
considered when evaluatinginterventions for any epidemicin which children
are known to transmit infection.”

Naimark 2020 Naimark 2021 Title: changed
Abstract: no major changes
Methods: no major changes
Results: authors have added a paragraph about a sensitivity analysis stating
that when NPIs were implemented and their effectiveness held at the base
case value, as the
effectiveness of mitigation efforts within schools diminished, the difference in
mean estimated cumulative case numbers by October 31, 2020, between keep-
ing schools closed or reopening them increased. When school mitigation ef-
fectiveness was held at the base case value, as the effectiveness of communi-
ty-based NPIs decreased, the difference in mean estimated cumulative case
numbers between keeping schools closed vs reopening them did not increase.
Discussion: no major changes - authors add a bit more detail about how their
study compares to other similar studies and what it adds to the evidence base

Panovska-Griffiths Panovska-Griffiths 2021 Title: not changed

2020b Abstract: slightly changed
Methods: not changed
Results: no major changes
Discussion: no major changes

Phillips 2020 Phillips 2021 Title: not changed
Methods: minor changes
Results: peer-reviewed paper: the maximum mean level of exposure (E) is
5.03% in the 15:2 RA scenario (on average) 12 days into the the simulation,
with peak 3.18% presymptomatic (P) and 1.63% asympto-matic (A) propor-
tions of attendees at days 12 and 19 respectively. Meanwhile, peak mean expo-
sure in scenario 7:3 ST occurs on day 2, with 2% attendees exposed to the dis-
ease and presymptomatic cases never exceeding that of the start of any sim-
ulation; very detailed sensitivity analyses added to main paper (suppose that
was in supplementary material before parameter a is now aC (foot c)
Discussion: peer-reviewed paper: In the most unfavorable scenario (15:2 RA),
there were cumulatively 539 and 324 student-days missed in high versus low-
transmission settings, respectively. Conversely, in the best scenario (7:3, sib-
lings together), there were only 62 and 51 student-days missed.

« More information on bias and limitations added to discussion
« Simplifying assumptions added to model description

Rozhnova 2020 Rozhnova 2021 Title: not changed
Methods: minor changes
Results: peer-reviewed paper:

« Epidemic dynamics - added paragraph: "The joint posterior density of the
estimated parameters reveals strong positive and negative correlations be-
tween some of the parameters (Supplementary Fig. 5). For instance, the ini-
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tial fraction of infected individuals is negatively correlated with the probabil-
ity of transmission per contact and the hospitalization rate, as a small initial
density can be compensated by a faster growth rate or a larger hospitaliza-
tion rate. For that reason, the age-specific hospitalization rates are all posi-
tively correlated. These correlations highlight the necessity of complement-
ing the hospitalization time series data with seroprevalence data, even if the
sample size of the latter is small. Without the seroprevalence data many pa-
rameters would be difficult to identify."

« School and non-school-based measures - rephrased paragraph: "For other
(non-school-related) contacts in society in general we assumed that (1) the
number of contacts increased after April 2020 (full lockdown) but was low-
er than before the pandemic, and that (2) reduction in probability of trans-
mission per contact due to mask wearing and hygiene measures was lower
in August as compared to April (due to decreased adherence to measures.
The starting point of our analyses is an effective reproduction number of 1.31
(95% Crl 1.15-2.07) in accordance with the state of the Dutch pandemic in
August 2020 (Supplementary Fig. 4c). Figure 6a demonstrates that in August
2020 other contacts in society in general would have to be reduced by at
about 60% to bring the effective reproduction number to 1 (if school-relat-
ed contacts do not change))." (versus "For the non-school related contacts
we assumed that 1) the number of contacts increased after April 2020 (full
lockdown) but was lower than before the pandemic, and that 2) the trans-
mission probability per contact was lower due to general physical distancing
and hygiene measures. The starting point of our analyses is an effective re-
production number of 1.31 (95% Crl 1.15—2.07) in accordance with the situa-
tion in August 2020 (Figure S4 C). Specifically, to achieve Re = 1.31 we fixed {2
at 0.67 (decrease in adherence to contact-reduction measures in August as
compared to April, when (1 is estimated at 0.51) and g at 0.5 (half-way in the
relaxation of non-school contacts). Assuming the state of the Dutch pandem-
icin August 2020, Figure 6a demonstrates that non-school related contacts
would have to be reduced by at least 50% to bring the effective reproduction
number to 1 (if school related contacts do not change.")

Discussion: peer-reviewed paper:

« Added paragaph: "To our knowledge, our modeling study is the first that uses
this method to address the role of school-based contacts in the transmission
of SARS-CoV-2. Previous studies (e.g. refs. 21-25) used individual-based or
network models that were not fit to epidemiological data using formal statis-
tical procedures. Due to uncertainties in key model parameters, predictions
of these models vary widely."

« Added paragaph: "Therefore, more children may have had an infection than
indicated by the seroprevalence survey because the proportion of asympto-
matic in children is believed to be high. As a consequence, our study poten-
tially underestimates the role of children in transmission."

Vlachos 2020 Vlachos 2021 Title: changed
Methods: minor changes
Results:

« Robustness: "Excluding covariates (except age and sex) in S| Appendix, Table
S3leads to areduction in the esti- mates for parents [OLS 1.01, SE 0.43]." (ver-
sus OLS 0.91, SE 0.43 in preprint)

« Robustness: "The OLS estimates with controls [1.09, SE 0.42] and when only
controlling for age and sex [1.02, SE 0.42] are similar to those for the main
sample. ORs for both samples of parents are similar when only controlling
for age and when excluding all controls (SI Appendix, Fig. S4). SI Appendix,
Fig. S5 shows the ORs including all controls for the main sample (SI Appen-
dix, Fig. S5A) as well as when non-EU migrants are included (Sl Appendix, Fig.
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S5B). 2)" (versus "The OLS estimates with controls [1.09, se 0.42] and without
controls [0.90, se 0.42] are similar to those for the main sample" in preprint)
Discussion: minor changes
Zhang 2020 Zhang 2021 Title: not changed
Abstract: minor changes
Methods: minor changes
Results: more info added here but no change to numerical results
Discussion: they added some limitations to their modelling approach ("In
particular, it is possible that the difference in mixing patterns observed in the
prepandemic, outbreak, and post-lockdown phase would be less marked for
symptomatic individuals (especially for severe ones). Therefore, our estimates
of SARS-CoV-2 transmission in the post-lockdown phase may be slightly under-
estimated.")
Measures implemented in the school setting to contain the COVID-19 pandemic (Review) 103
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Appendix 7. Detailed quality assessment of modelling studies

Study ID  Study de- 1. Are 2. Are the 3.Arethe 4.Arethe 5.Has 6. Has 7.Has 8. Has 9. Was there 10. Was Further
sign the structur- input pa- input pa- an ex- the aninter- the an adequate techni- com-
struc- al assump- rameters rameters  ternal mod- nalval- mod- assessment caldoc- ments
turalas- tionsrea- transpar-  reason- vali- el been idation el been of the effects umenta- con-
sump- sonable ent and able? dation shown process  shown of uncertain-  tion,in cern-
tions given the justified? process tobeex- beende- tobein- ty? sufficient ingbias
trans- overall ob- beende- ternally scribed? ternally detail and evi-
parent jective, per- scribed?  valid? valid? toal- dence
andjus-  spective low (po-
tified? and scope tential-
of the mod- ly) for
el? repli-
cation,
made
avail-
able
openly
or under
agree-
ments
that
protect
intel-
lectual
proper-
ty?
Alvarez Compart- Yes No/minor Moderate  Major Partial Moder- No Moder- Major con- Moder-
2020 mental SEIR concerns concerns concerns ate con- atecon- cerns ate con-
model with cerns cerns cerns
zgcti(letslonal Model Calibrat- No inter-
* Model equa- The model Most in- There are ed pre- nal vali- There have
is extend- tionsare structureas  putpara- concerns dictions Calibrat-  dation Nointer-  beennoun- Code has
ed by mild clear- employed metersare  with re- to case ed curve nal vali- certainty not been
symptoms, ly stat- is geﬂerally not stat: gards jco dataand fitsthe dation analyses re- report-
presympto- ed and sensible ed explic- some im- death data, ported; ed, but
matic trans- scheme itly or ex- portant dataand butonly only analysis repli-
mission, is visu- plained, parame- similar weak de- for different cation
hospitalised alised; butin- ters em- datasets pendent scenarios might be
cases. ICU one of stead with  ployed, valida- feasible
cases,and multiple reference as found tion as
deaths reports to other in their there are
with reports. report only two
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(Continued)
* Age-strat- similar Not entire-  #3 (e.g. rather
ification by method- ly clearly sympto- simple
context-de-  ology, laid out matic con- data sets
pendent but suf- which pa-  tactrate, inde-
contact ma- ficient- rameters relative in- pendent
trices ly ex- were used, fectious- of each
* Includes plained especial- ness be- other
contact in this lywithre-  tween
tracing report spect to compart-
and symp- (but ref- parame- ments
tom-based erences terswhich  have been
isolation to other have been  assumed).
* Models reports calibrated; Contact
Chilean which calibration  matrices
Population may datahave  arecritical
contain been giv-
further en with
justifica- source
tions); and also
structure visualised
is most-
ly moti-
vated by
intuitive
reason-
ing
Aspinall Bayesian Partial Moderate No/minor No/minor No Major Partial No/mi- No/minor No/mi-
2020 Belief Net- concerns concerns concerns con- norcon- concerns nor con-
work (BBN) cerns cerns cerns
*Primary .
schools in Therg is No ext'er- Authors
England a ju'StIfI- BBN/hazard  They are Pppula- nalyall- refer to C'omprehen-
*Eocus on cation, model can- transpar- tion para-  dation No exter- awell- UNINET sive Monte- Compre-
number of however nottrackin- entand meters are nal vali- estab- should Carlo ap- hensive
schools with  notcon- dividuals justified known or dation lished be well proach, partly  informa-
> 1 infection vincing; rather well d'istrit')u- tool tested expertjudge-  tion, ref-
depending no ar- t|on§|n- (UNINET) ment erence
on preva- gument cludlng. toan
lence Yvhy BBN qncertaln- qnpub-
is appro- ties were lished
priate assumed pro-
gram-
ming
code file
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(Continued)
Baxter Agent-based  Partial Moderate No/minor Moderate No Major Partial Moder- Major con- Major Limited
2020 modelling concerns concerns concerns con- atecon- cerns con- number
study cerns cerns cerns of sus-
* Qutcome . ceptibles
at popula- Only ref- 3 3 No exter- Noin- > unreal-
tion level erence Justifica- Only ref- Justifica- nal vali- ternal Not reported istic
in Georgia, toprevi-  tioninrefer- erence tioninref-  dation No exter-  valida- No inter- No code,
USA ous pub-  encesseems to previ- erences nal vali- tion de- nal vali- descrip-
lications  rather con- ous pub- seems dation; scribed. dation tion on-
which vincing, but lications rather Decline Howev- ly via ref-
do not based on which do convinc- (itseems erma- erences,
seem previous not seem ing, but to oc- jor parts itisun-
relevant  models for relevant based on cur be- seem to clear
influenza previous causeof  be based which
models for limited onan parts
influen- number  estab- are from
za, decline of sus- lished with ref-
because ceptibles  frame- erence.
of missing whichis  work. Unclear
suscepti- unrealis- how
bles seem tic. many
unrealistic times
model
was run.
Paper
written
in the
style of
a quick
techre-
port
Bershteyn Some kind No Major con- Major Major No Major No Major Major con- Major
2020 of simula- cerns concerns  concerns con- con- cerns con-
tion model, cerns cerns cerns
lt;uglz;t_ﬁ?;t Some No exter- No inter-
was done mathe- Lack of Input pa- Asitisun-  nalvali- nal vali- There are
*Some matical model rameters clearhow  dation No exter-  dation Nointer-  some uncer- Replica-
parts may modfel struct.un.e are.de— model pa- nalyali— nalyali— tainty analy- fcion is .
be purely details .des.cr.lptlons scribed rameters. dation dat.lon. seson the impossi-
observa- arescat-  justifiesma- everynow areusedin Major simulation ble giv-
tional re- tered jorconcerns  and then, the mod- concerns  parts, butun-  enthe
sults with- around but their el, there dueto clear which available
out use the pa- roleinthe  are major lack of uncertain- descrip-
of model, per, model is concerns trans- ties are cov- tions
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(Continued)
which may but the mainly un-  to whether paren- ered by these
be applica- general clear they are cyofap-  analyses
ble model reason- proach
structure able.
is mainly The sec-
unclear ondary at-
tack rate
seems to
be anim-
portant
parame-
ter, but
unclear
how itis
used.
Burns A Determin- Partial Major con- Moderate  Major Partial Major No Moder- Moderate Moder-
2020 istic SEIR- cerns concerns concerns con- atecon- concerns ate con-
Modification cerns cerns cerns
* Accounts . .
for cohorts Model is The au- No inter-
(age groups) roughly Stateequa-  Thereis There are thors nal vali- There is a hint
* Investi- justified  tions seem atable of major con- men- Descrip-  dation Nointer-  to some kind There
gates symp- withref-  question- input pa- cerns of tioned tion of nalvali-  of parameter  arelinks
tom-based erence able, forex-  rameters the valid- "valida- cali- dation uncertainty to some
isolation to pre- ample: "Re-  withsome ity ofin- tion", bration analysis, but reposito-
strategies vious turn to iso- references  puts as but da- process the details ries with
*Time.de- studies lation" para- tosources  thereare ta were and the are hidden refer-
pendent in- in the meter con- andifthey alotofdif- onlycali- illus- inareposito-  enceto
fectiousness  s@me trols fluxout  were cali- ferent pa- brated. tration ry which was data, but
field. of and into brated. rameters bare- not accessed, itisnot
Special isolation. Thetrans-  neededin ly suffi- should be re- entire-
prop- Although parency of  the model, cientto portedindoc- lyclear
erties not really input pa- but their establish ument due whether
of this mechanis- rameter values that cal- to its impor- they
model tic, model values is and their ibration tance; con-
arejusti- makes a lot of some appear- is suc- results have tain the
fied on of detailed concern, ancein cessful been present-  study
base of but notwell- asnotall the model ed withuncer- code
reason- founded as- areclearly arenotal- tainty which
ing. sumptions stated in ways clear. arises from
The which, for the man- A 30-day uncertain pa-
exact example, uscript period of rameters
structure  are based (e.g. rela- infectious-
of co- on influen- tive con- ness for
horting za behav- tact rate), COVID-19
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(Continued)
is men- iour; model some is at least
tioned, seemsabit  withrefer- question-
butnev-  over-para- encetoa able.
ereluci-  metrised. repository  Assome
datedin  Adetermin-  whichhas inputs
detail. istic model not been have been
Relation- canbe prob- checked supposed-
ships of lematicin further. ly calibrat-
parame-  the context ed from
tersand  of smaller influenza
states systems like data, the
might schools with validity of
bene- rather small values is
fit from age cohorts, compro-
morevi-  since sto- mised.
sualrep-  chastic ef- Sources
resenta-  fects may and re-
tions become im- porting do
portant (su- not award
perspread- enough
ing and sim- credibili-
ilar occur- ty to the
rences) many in-
put pa-
rameters
needed for
the model.
Camp- Simple Yes No/minor No/minor No/minor No Major No Moder- No/minor No/mi-
bell health eco- concerns concerns concerns con- atecon-  concerns nor con-
2020b nomic mod- cerns cerns cerns
el to calcu- .
late the cost Struc- No ext'er- No |nt§r-
of passive turalas-  The study' Input pa- No con- nalyall- nalyall- . Most para- .
and active sump- structure is rame- cerns dation No exter-  dation Nointer- meters (es- Model is
. tionsare  mostlyclear tersare about va- nal vali- nal vali- pecially im- well de-
surveillance . . A . . .
testing mgch- and |ts'as- all st?t- lidity of in- dation dation portantones)  scribed
* Considers anis- sumptions ed with put para- have been and
Canadian ticand are reason- plenty of meters analysed in some
. well ex- able; sources one-way sen-  codeis
population . ’ e S
* Compris- plained pa.rtlal sur- sitivity an'aly- givenin
. veillance ses and visu- the ap-
es a testing . A . "
scenario for scenario alised in Tor- pendix
schools with some nado Plot
question-
able as-
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(Continued)
sumptions
(e.g. about
test fre-
quency and
necessity).
Study cov-
ers PCR,
point-of-
care tests
thatarein-
creasingly
more rele-
vant
Cohen Agent-based  Partial Moderate Moderate  Moderate No Major Partial Moder- Moderate Major
2020 model (CO- concerns concerns concerns con- ate con- concerns con-
VASIM) for cerns cerns cerns
COVID-19
transmis- Model No exter- COVASIM
sion structure  Majority of Parameter Ingeneral nalvali- isan Many as-
* Combina- is based model as- valuesare input pa- dation No exter-  estab- Besides sumptions Code for
tion with on CO- sumptions notstated  rameters nal vali- lished the use basedon CO-  COVASIM
model of VASIM seem rea- explicitly seem rea- dation frame- of COV- VASIM arenot s avail-
school net- whichis  sonable; but with sonable, work; ASIMno  checked by able,
work struc- rough- school net- reference but hard nointer- internal  uncertainty no code
tureforking Y d€ work:only  tothe to verify nalval-  valida-  analysis; for the
County scribed.  qualitative method- with large idation tion parametre school
USA ’ There information  ological Agent- for the uncertain- network
* Se\’/en is not provided to paper (CO- Based student ties: sensitivi-  mod-
school re- enough understand  VASIM). Model. network ty analysis for el repli-
opening informa-  theassump-  Parame- R=0.9is model the infectivi- cation
strategies tion to tions; ter table setasan ty of children,  seems
and three under- referenceto  would input pa- susceptibility  impossi-
different stand COVASIM is have been  rameter of children; ble
values for the given, but helpful, before stochastic un-
infectious school notenough  some pa- school certainty is
cases in the network information rameters reopen- presented for
two weeks model is provided obtained ing, expla- the effective
prior to concerning by calibra-  nation: reproductive
school re- COVASIM tion schools re- number
opening are open after
simulated slow de“
creasein
infectivi-
ty, varia-
tion in this
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parame-
ter would
have been
good
Curtius Measure- Partial Major con- Moderate  Moderate Partial Moder- No Moder- Moderate Moder- Itis
2020 ment of the cerns concerns concerns ate con- atecon- concerns ate con- rather
aerosol con- cerns cerns cerns an ex-
centration T E No int perimen-
in two dif- wo ) EXpers o Inter- . tal ap-
parts of Many as- Input pa- Question- imen- nal vali- Uncertainty of
ferent class- . . . . proach,
FOOMS: the mod- sumptions rameters ableinput  tal ap- The con-  dation Nointer- measurement No code the mod-
* first class- el: based on arestated  parame- proach ducted nal vali- devicesof pu-  avail- elling
room with- 1.model Lelieveld's with their ~ ters,espe- inorder exper- dation rifiers is giv- able, partis
out air puri- by Lelieveld model respective  cially pa- toassess  iment en, no sensi- with the small
fiers 2020: (Lelieveld sources rameters theiras-  suggests tivity analysis ~ data and
* second model 2020) but but just concern- sump- some ex- and no para- available based
classroom seems not de-' one source |ng'Fhe in-  tions terpa'l meter uncer- rgpllca- on refer-
s reason- scribed in foralmost  fection of the validity tainty analysis  tion of
with air pu- . ; . ences.
rifiers ablebut  detail; some all para- risk particle for a part results
In order to based figures are meters, a concen-  ofthe seems
calculate onques- notcompre- reduced tration model feasible
the risk of tionable  hensible viral load levels;
onward in- assump- by the fac- no ex-
fection in tions; tor ten for ternal
the two dif- 2. mea- children valdia-
ferent class-  Sure- is stated tion for
rooms and ment of without the oth-
comparison aerosol any source er part of
the infection Itn the tTe mod-
risk model \(VO €
by Lelieveld €25
2020 is used rcl’oms'
as a base for fyza;
the model )
scribed.
For the
model-
ling part,
they just
take the
model
of Lelieveld
2020
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(Continued)
Di Author de-
Domeni-
€0 2020a
el

*In its core,
the struc-
tureis a bit
unclear

* Models
possible Ile-
de-France
school
opening
scenarios
from May
to summer
holidays

scription:
stochas-

tic discrete
age-struc-
tured epi-
demic mod-

Partial

Although
there are
many
details
about
the mod-
el de-
scribed,
the core
of the
utilised
mathe-
matical
model

is seem-
ingly
nev-

er de-
scribed
explicit-
ly, mak-
ing as-
sess-
ment of
quality
difficult.
There
seem-
ingly is
anoth-
er paper
from the
author
in which
the
same ap-
proach is
utilised,
but al-
so com-
plete de-
scrip-

Moderate
concerns

With the
available
model de-
scriptions
and justi-
fications
the mod-
el seems to
make rea-
sonable and
justified as-
sumptions.
But as the
core mod-
el structure
isunclear,
thereisa
possible risk
of bias as
some parts
cannot be
scrutinised

No/minor
concerns

Neces-
sary pa-
rameters
presum-
ably stat-
ed with
referenced
sources
and by a
parame-
ter table;
some pa-
rameters
are cali-
brated.
Contact
matrices
would
have been
nice to
havein
the paper.
Calibra-
tion da-
ta are not
presented
in paper,
but pre-
sumably
in other

paper.

Moderate
concerns

Parameter
values are
mostly not
adirect
cause of
concern.
Specula-
tion about
R value
during
lockdown
phase
question-
able but
probably
important.
Due to ob-
scured
structure,
itisun-
clearifall
inputs are
stated.

Partial

Model
calibra-
tion suc-
cessful
for some
data, but
no true
external
valida-
tionin
this pa-
per

Moder- Partial
ate con-
cerns
No inter-
nal vali-
No true dation
external
valida-
tion re-
ported

Moder-
ate con-
cerns

No inter-
nal vali-
dation

Moderate
concerns

Uncertainties
and sensitivi-
ty analyses of
results gener-
ally reported.
Sensitivity to
parameter
values was
analysed for
the relative
infectious-
ness of young
children, ef-
fectiveness
of caseisola-
tion and the
expected R
value during
lockdown.
Stochastic un-
certainties
have been
considered
and visu-
alised.
Structural un-
certainties
presumably
not consid-
ered and also
unclear struc-
ture.

Major
con-
cerns

Code has
not been
made
available
and it
might
not be
possible
to repli-
catere-
sults giv-
en the
descrip-
tions
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(Continued)
tions are
seem-
ingly
missing.
Quanti-
tative re-
sults and
meth-
ods from
oth-
er pa-
per are
proba-
bly used,
but
mostly
not ex-
plicitly
stated in
this con-
text
Espafa Meta-popu-  Yes No/minor No/minor No/minor VYes Moder- Partial Moder- Moderate Moder-
2020 lation mod- concerns concerns concerns ate con- atecon- concerns ate con-
el cerns cerns cerns
or??:;eEdD Although Data cal- Estab-
(Framework basedon  Overall, COVID-19 Stated in- ibrations lished Results were
for Recon- anexist-  model relevant puts are arevisu-  Although toolhas  Authors  presented Study-
structing ingtool,  structureis  parame- mostly alised. there been usedan  withcredible  specific
Epidemic thereisa reasonable. tersare reason- Results areinde-  used estab- intervalsinall  code has
Dynamics) detailed  Thereare described  able. wereval- pendent lished instancesand  not been
* Models sum- some minor  in paper Authors idated assess- tool,but  uncertainty made
population maryof  concerns and ref- makeuse  onsero-  ments of no spe- has alsobeen  avail-
of Indiana model duetoin- erenced of age-de-  logical external cificin- visualised. able.
* Adjusted struc- explicit de- with pendent results validity ternal However,due  But
for proper- tureand  scriptionof  sources. suscepti- of cumu-  present- valida- to inherent struc-
ties of COV- modifi- incorpora- For other bility, may lative ed, the tion complexity ture and
ID-19 cations tion of face parame- be ques- propor- extent of the model meth-
* Investi- to ac- mask and ters FRED tionable tions of of vali- many struc- ods are
gates ef- count school oper- is refer- given the infect- dation tural/parame-  other-
fects of face- forCOV-  atingcapac- enced,but extentof ed indi- is still teruncertain-  wise de-
mask adher- P19 ity effect. they are justifica- viduals rather ties are not scribed
ence and Struc- Assuming mostly not  tionand and al- small considered in suffi-
school oper- turalas-  thatcom- explicitly itsimpor-  sostrat-  withre- which rais- cient de-
sump- munity lev- stated. tance. ified for gards es concerns tail to
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(Continued)
ating capac- tionsare elreproduc- Dataused differ- to their aboutthead-  possibly
ity most- tion num- for cali- ent age quality equateness replicate
ly rea- ber doesnot  bration groups. and their of presented results
sonable  changeis is clear- agree- credible inter- by mod-
as the question- ly stated ment. vals. ifying
modelis  able, but and refer- Data cal- the base
mecha- appropri- enced. ibrations FRED
nistic. ate assump- were
Not ful- tionif only mostly
ly clear school ef- success-
how face  fect should ful with-
masks be assessed. in the
and present-
school ed un-
operat- certain-
ing ca- ties, al-
pacity though
arein- there are
corpo- some
rated con-
struc- cerns.
turally.
Ger- Agent-based  Partial No/minor Moderate No/minor No Major Partial Moder- Major con- Major
mann community concerns concerns  concerns con- atecon- cerns con-
2020 simulation cerns cerns cerns
of USA . .
*Two levels Major No ext'er- No in- .
. parts of There are Informa- Informa- nal vali- ternal No uncertain-
of working, . L o . . .
nine levels the mod-  no obvi- tion in- tion in- dation No exter-  valida- Noin- ty analyses No code
. elstruc-  ous prob- complete, complete nal vali- tion de- ternal performed avail-
of schooling . . . . -
* Some sce- ture are lematic as- no list of but no dation scribed. valida- able, de-
narios on- taken sumptions, all para- obvious Howev- tion de- scription
ly for the from lit- howevgr as-  meters problems er,major  scribed. isincom-
Chicago re- erature, sumptions parts are Howe\{- plete
gion however  not com- based er, major
the de- pletely list- onan parts are
scription  ed estab- based
isincom- lished onan
plete frame- estab-
work lished
frame-
work
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(Continued)

Gill2020  Agent-based Yes No/minor No/minor No/minor No Major Partial Moder- Moderate No/mi-
model of concerns concerns  concerns con- atecon-  concerns nor con-
schools cerns cerns cerns
(children +
others) and No con- B No extt_er— No extt_er— .
transport of cerns No specific Compre— nal_vall— nal_vall— . S'o_me sensi-
children concerns hensive dation No exter-  dation No in- tivity analy- No code

justifica- nal vali- ternal ses conduct- avail-
tion dation valida- ed. Theyrefer  able, de-
tion de- to a previous scription
scribed. similar study is com-
Howev- where robust-  prehen-
er,major nesshasbeen sive
partsare  shown
based
onan
estab-
lished
frame-
work.
In ad-
dition,
the sim-
ulation
results
seem
more
smooth
than ex-
pected

Head Meta-popu-  Yes No/minor Moderate  Moderate Yes Moder- No Moder- Moderate Major

2020 lation mod- concerns concerns  concerns ate con- atecon-  concerns con-
el for San cerns cerns cerns
E;ayn;:zcao Struc- . N Mod- No intgr— .

* Especially turalas-  Structureis Crltlca! as- There el has nalyall— . pncertalnty
concerned sump- mostly ac- sumption are some beenval- Although dation Nointer- inthesuscep- Code has
with effec- tionsare  ceptable; about chil-  concerns idated external nalvali-  tibility of chil-  not been
tiveness of well de- stochas- dren sus- aboutthe  invari- valida- dation dren and the made
scribed tic courses ceptibility  gener- ousin- tionis transmission avail-
school mea- . . . .
sures and of disease iswell jus- almean stances:  given, context dur- able but
* Describes most- rightfully tified by transmis- * com- the qual- ingtheevalu-  would
time-dis- ly justi- included; literature.  sionrate pari- ity and ated scenar- likely be
crete sto- fied or force of in- Otherpa-  andthe sonwith  extent ios has been neces-
chastic at least fection rea- rameters relative caseda-  ofvali- assessed. sary to
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(Continued)
transmis- docu- sonable;as-  areal- differ- ta after dation is Stochasticun-  replicate
siondynam-  mented sumptions so stat- ences be- interven-  not suf- certaintydue  analysis
ics aboutinter-  edwith tweenthe  tions ficient to the sim- dueto
* Models re- ventionsare  sources different * com- to con- ulation na- its com-
lations be- acceptable.  andinta- transmis- pari- fidently ture hasbeen  plexity
tween pairs Not clear if ble. sionclass- sonwith  validate assessed by
of individu- simulating Important  es (work/ sero- model generating
als by classi- 1 meta-indi-  parame- school/ preva- outputs 1000 simula-
fying house- vidual=25 ter"mean  household lenceda- tion runs.
hold/school/ realindivid-  transmis- etc.) as ta Uncertain-
grade/class/ uals intro- sion rate" they are * house- ties to results
work/com- ducesabias notentire- critical. hold at- are given but
munity ly clearin Many in- tack rate they are quite
* Survey to derivation  tervention  hasbeen large.
obtain age- and val- effective- com- Still, due to
dependent ue hasnot  ness pa- pared the many pa-
communi- beenstat-  rameters to litera- rameters and
ty transmis- ed. have just ture assumptions
sion Communi-  been as- * com- in the mod-
ty contact  sumed. position el there are
matrix is of syn- concerns as to
not explic- thetic how reliable
itly stated. popula- results are.
tion has
been val-
idated
Jones Poisson re- Partial No/minor No/minor  Major Partial Moder- No Moder- Moderate Moder-
2020 gression concerns concerns concerns ate con- atecon- concerns ate con-
model cerns cerns cerns
* Models . .
total cases The By virtue No inter-
in Florida struc- Model Many da- Besides of the nal vali- Regression
school dis- turalas-  seems ta sets theminor ~ model No rig- dation Nointer-  parameters Code has
tricts sump- mostly rea- are men- concerns struc- orous nal vali- are given with  not been
* Covari- tionsare  sonable, tioned, about the ture,cal- quali- dation z-values, two made
ates: preva- stated but choice butwhich  descrip- ibration  ty of fit similar da- avail-
lenc'e per- trans- of Poisson data has tionofem- isneces- mea- ta sets have able.
cent i’n-per- parent- regression beenused  ployed sary part  sure has been used. Data
son enrol- ly, but could have forregres- data, it of model beende- No alternative  is sup-
ment. total it has been better  sionisnot  seems like scribed, predictors posedly
distri,ct en- not been justified. entirely data for but stan- have beenas-  storedin
rolment welljus-  Resultscon-  clear. schools dard er- sessed reposi-
tified (al-  firm that There are with no rors and tory and
though predictors references  outbreaks signif- the mod-
modelis all havesig- todata have not icance elis de-
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(Continued)
simple); nificantim- reposito- been con- values scribed
almost pact ries. sidered. for para- in suffi-
no refer- This might meters cient de-
ences introduce suggest tail to
major reason- replicate
bias. ability of analysis.
structure
Kaiser Network Yes No/minor No/minor Moderate No Major No Moder- No/minor Moder-
2020 model: sim- concerns concerns concerns con- atecon- concerns ate con-
ulating the cerns cerns cerns
transmis-
sion of COV- Model No exter- No exter-
ID-19in structure  Out-of- Sample: Input pa- nal vali- nal vali- Stochastic un-
classrooms:  S€€ms school in- 507 class-  rame- dation No exter-  dation Nointer-  certainty:300  No code
* dividing reason- teraction rooms ters seem nal vali- nal vali- simulations avail-
each class in able of children in Eng- mostly dation dation foreachclass- able, de-
two cohorts is based on land, Ger- reason- room were scription
which are a different many, the  able, some performed rather
taught sepa- model and Nether- parame- and the av- compre-
rately; seems re- lands and ter values erage result hensive,
* four’differ- alistic; in- Sweden, are stated is given, no replica-
ent cohort- formation data for through further eval- tion of
ing strate- about the student literature, uation of sto- model
gies: mathemat- interac- others chasticuncer-  might be
icalreason-  tionbya through tainty; difficult
randomly ing for the model of theoret- parameter
splitting, model is 2010/11 ical rea- uncertainties
splitting by missing (CILS4EU),  soning. are checked
gender, sep- this data Assumed for transmis-
aration op- might be fraction sion, out-of-
timised by outdated;  of high- school inter-
minimis- most of risk con- action and
ing interco- the data tacts and proportion
hort-con- with refer-  reduced of infections
tact out of enceto lit- infectivity by using dif-
school, net- erature; of low-risk ferent plau-
work-based just one contacts. sible values;
chains for source for uncertain-
the out-of- important ties for para-
school con- parame- meters con-
tact as a ba- ters Davies cerning the
sis of the 2020 infection are
separation not assessed;

structural un-
certainties are
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(Continued)
not assessed
but network
plausible
Keeling Complex Partial No/minor Moderate  No/minor  Partial Moder- Partial Moder- Moderate Major
2020 SEIR-based concerns concerns concerns ate con- atecon- concerns con-
ODE model cerns cerns cerns
for UK with: .
*fine- Larg- Thereis There
grained age er ODE No direct Sources There depen- is some Uncertain-
stratifica- model concerns of data are some dentval- Calibra-  valida- Nointer- tieshavebeen Codehas
tion makes about spe- and pa- concerns idation tionin tion by nal val- partially re- not been
*school/ it diffi- cific points. rameters sinceitis due to refer- authors idation ported from made
work/ cultto General- seem to not clear model enced report- conduct- parameter available
household examine ly, anover- be mostly  whichda-  calibra- paperby edatthe ed,but posteriordis-  and the
transmis- thecom-  whelming stated. ta fitting tion,but  sameau- endof model tributions, way da-
sion pletedy- amount of Parame- calibrat- thereis thor paper, is com- covering sto- tathat
*undetect- namics, implicit as- tertableis edthepa- limited but no plex so chastic and are pre-
ed/detected visual- sumptions given, mix- rameters infor- process- itwould parameter sented
cases isation to consider ing matri-  (there are mation esre- be nec- uncertainties.  will pre-
*compli- would duetocom- cesand some de- about ported essaryto  However,un-  sumably
ance-depen- have plexity of age-de- scriptions,  how well check certainty for com-
dent effect been model and pendent butlack of  modelis some para- plicate
on contact helpful. some lack of parame- reporting).  calibrat- meters seem replica-
matrices Itis not descriptions  ters as fig- ed to da- rather small. tion at-
always ures. ta. The There are tempts
clear Many pa- model some in-
how rameters calibra- stancesin
analyses calibrated tionis which possi-
exact- from da- donein bly important
ly have ta, but cal- another values are as-
been ibration paper. sumed to be
conduct- data are fixed (age-de-
ed. not shown pendent mix-
There and not ing matrix, ef-
are ref- entirely fect of lock-
erences clear. down on mix-
to a pre- ing matrices).
vious pa- Due to its spe-
per with cific mod-
more de- el structure,
tailed study would
method- have bene-
ology, fited from an
but al- analysis by
so not use of a dif-
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(Continued)
perfectly ferent model
detailed. structure
Kraay SIR-based Partial Moderate No/minor Moderate No Major No Moder- Major con- Moder-
2020 modelling concerns concerns concerns con- atecon- cerns ate con-
study cerns cerns cerns
*Focus on .
transmis- Stated No exter- No inter-
sions via "previ- Only deter- Mainly jus-  Partly tak-  nalvali- nal vali- Sensitivity
hands and ouslyde-  ministic, tified by en from dation No exter-  dation Nointer-  analysis for No code
fomite (sur- scribed"  verysimpli-  influenza influen- nal vali- nalvali- onlyafewpa- avail-
face) touch- but no fied struc- and rhi- za/rhi- dation dation rameters able, de-
ing refer- ture novirus novirus scription
ence values rather
provided compre-
hensive
Lan- SEIR-based Yes Major con- No/minor  Major No Major No Moder- Moderate No/mi- Wide
deros ODE model cerns concerns  concerns con- atecon-  concerns nor con-  range for
2020 for the USA cerns cerns cerns the input
; parame-
* Three Model No exter- No inter- ters = no
different structure  Model as- Input pa- Latent,in-  nalvali- nal vali- Parameter signifi-
school is clear- sumptions rameters fectious dation No exter-  dation Nointer-  uncertainty Code cant re-
opening ly stat- aresimplis-  arejusti- and incu- nal vali- nalvali-  fortransmis- available sult
scenarios: ed and tic; fied, lit- bation pe- dation dation sion rate is from the
reopening justified;  cohorting erature riod are assessed by author
at full ca- equa- strategies is given justified largerange of by re-
pacity, al- tionsare forchildren  for most by litera- different val- quest;
lowing half based on  because of of them; ture. ues for said descrip-
of the stu- mathe- school re- child-to- Weak jus- rate. tion is
dents to at- matical opening child con- tification Structuralun-  compre-
tend school, reason- strategies, tact rate for other certainties hensive
rotating co- ing butitisun- at school parame- are not dis-
hort (stu- reasonable is given ters such cussed, al-
dents are di- to have dif- without as same though prob-
vided into 3 ferent co- any source  values for ably impor-
cohorts and horts in the children tant
2 of them model for and adults
are allowed adults as for trans-
to attend well; mission
school at modelis and their
the same stated to latent and
time) apply to infectious
school com- period and

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]

SM3IADY J13BWSISAS JO seqeleq auelyd0)

*33UaPIAS parshaL



“P17 ‘suos 73 A3)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L zzoz © y3uAdod

(mainay) s1wapued 6T-@INOD Y3 Ulejuod 03 SuIIdS J0oYyds Y} ul pajusawajdwi sainseap

6TT
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* Effect on munities no source

the repro- rather than for the

duction states multipli-

number (R) er forin-

and preva- creased

lenceis sim- child-to-

ulated un- child-con-

der these tact ¢ =10.

three pos- Input pa-

sibilities rameters

and com- for the

pared to transmis-

the impact sion rate

of people are highly

> 18 years unspecific,

on Rand cu- they have

mulative awide

prevalence range.

of COVID-19

Lazebnik  Hybrid mod- Partial Moderate No/minor  Major Yes Moder- Partial Moder- Major con- Major
2020 el: SIRD type concerns concerns  concerns ate con- atecon-  cerns con-

temporal cerns cerns cerns

jzzin[:;?al There is Daily RO There .

dynamics agood Generally, Input pa- There are from da- are some Uncertainty

for home, overview the model rameters significant  tawas It was sani- Not con-  has mostly Code has

school, of other  adopts fea- arestated  concerns com- shown ty-check  vincingly not been as- not been

workplace studies tureswhich  with their ~ about the pared thatthe  type validat- sessed, evenif made

* addition- and their  possibly respective  modelin- with RO model analysis  ed itwould have  avail-

al compart- resu.lts, could pro- sourcesin  puts d.ue from canin froma been impor- able. .

ments: age moti- duce sensi- most cas-  to their mod- some mathe- tant due to Descrip-

- children vating ble results es. signifi-. el for way ap- matical nature of.the tion pf

(< 13 years) the ap- due to age The num- cancein a two- proxi- sta.nd- forV\{ard sim- spatial

and adults proach. stratifica- ber of generat- week mately point ulation type stochas-
ODE part tionanddif- meeting ing the span repro- concern- model. tic mod-
is de- ferencesin events is modelre-  before duce ing the Stochastic el part
scribed mixing pat-  settoone  sults.The  andafter thecase equa- Uncertainty lacks in-
exten- terns due per hour, inputsare  school num- tions, was partially depth
sive- to different without mainly pa-  closure. bersin but from assessed as expla-
ly and physicallo-  further rameters asmall acom- some R2val- nation
trans- cations. commen- from oth- time puta- ues for result such
parently. Butaccord-  tary. er stud- frame. It  tional fits have been  thatit
Spa- ing to the ies, such isnotre-  stand- specified. might
tial part model, chil- that their ported point Parameter not be
seems dren above reliabili- towhich itisun- uncertainty possi-
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(Continued)

tobea
stochas-
tic sim-
ulation,
but de-
scription
lacks
depth to
under-
stand
the me-
chanics

involved.

13 years
would have
the prop-
erties of
adults, i.e.
go to work,
2 class

age strat-
ification
might not
be enough.
Modelis just
a forward
simulation
of input pa-
rameters,
which re-
quires great
care con-
cerning the
inputs and
their applic-
ability as
well as a re-
liable mod-
el structure.
Regarding
this aspect,
there are
concerns
about the
validity of
the model.
Spatial part
can not re-
ally be ful-
ly assessed
with the
available in-
formation.

ty in this
study are
not guar-
anteed as
they are
not cal-
ibrated
against
data.
Some pa-
rameters
seem odd:
why would
children
not be
able to in-
fect other
adults, but
other chil-
dren? (be-
ta_ac,be-
ta_cc) This
should
presum-
ably be
proper-

ty of the
spatial
structure,
not of the
transmis-
sion para-
meter.
The de-
rivation of
beta_ca as
reported is
question-
able, since
beta incor-
porates
infection
aswell as
contact
probabili-
ty, but the

extent
this is re-
ally an
indepen-
dentval-
idation.
Although
better
than
simple
calibra-
tion, this
is still

a weak
valida-
tion.
There
have
been
some
compar-
isons

to oth-
er mod-
ellers'
results.

clear
whether
the im-
plemen-
tation is
right

has not been ble to re-
assessed. produce
Structuralun-  model
certainties

were not con-

sidered, al-

though there

has been a

discussion of

other model

structures.
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(Continued)
derivation
only cov-
ers infec-
tion prob-
ability reli-
ably
Lee2020 Simpleage- Yes Moderate Moderate  Moderate No Major No Moder- Moderate No/mi- Simple
stratified concerns concerns  concerns con- atecon-  concerns nor con- model,
estimation cerns cerns cerns but large
for basic re- Model No d Not d influ-
production ode . 0 de- ot de- ) ence of
clear- Within the Sparsede-  Sparse scription scribed Tested 5 dif-
number (RO) . . ) the con-
ly de- limits of tails. details. of exter-  Node- Not de- ferent sce- Model
based on as- . . . . - . 3 tact ma-
scribed. SEIR model nal vali- scrip- scribed. narios of chil-  avail- .
sumed SIR . : trix on
dation. tion and dren's % sus- able on
model based ibili Github the out-
* Consider- as: <f:ept|3|5|:y ithub. come.
ing different Onthy-t' SrSO;n ° Con-
frequencies pol ,i - 0 tact ma-
of contacts ;:'a st ui‘ trix just
among age lon, :O rough-
groups alpar Ic- ly de-
* Impact of : atr con- scribed
different ext.
susceptibili-
tiesamong
age groups
is assessed
Lyng SIR model Yes Major con- No/minor  Major No Major Partial Moder- Major con- No/mi- Limited
2020 analysing cerns concerns  concerns con- atecon- cerns nor con- number
different cerns cerns cerns of sus-
test/surveil- Inf No ext Noi ceptibles
lance strate- " orma- . . 0 exter- oimn- = unreal-
gies tionin Determin- Justifica- Decrease nal vali- ternal The weakest istic
* Linked paper istic with tion suf- duetolim- dation No exter-  valida- Noin- part of the Code
to two ob- and sup-  fixed RO, ficient, ited num- nal vali- tion de- ternal study is miss- s part-
served plement  verysimpli-  however ber of sus- dation scribed, valida- ing analysis ly avail-
prevalences seem to fied model only very ceptibles, but code tion de- of uncertain- able, on-
in popula- becom-  structure, few para- R0=2.5 (partly) scribed,  ty.Predicting  linesim-
tion plete scope: one meters re- and on- butcode costsand ef- ulator
* No sto- initial con- quired linesim-  (partly) fectivenessat  available
chasticity dition (1.35 ulator and on- an absolute
no agents’ infections) available linesim-  level without
’ and two for test- ulator uncertainty
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(Continued)
basic re- prevalence ing va- available or sensitivity
production scenarios lidity for test- analysis poses
number (RO) ing va- a serious risk.
=2.5, insti- lidity
tution = sub-
set of 1500
people
Mauras Agent-based  Yes No/minor No/minor No/minor Partial No/mi- Partial No/mi- No/minor No/mi- The
2020 SEIR with concerns concerns concerns nor con- norcon- concerns norcon- model
contact net- cerns cerns cerns focusis
works: Good c N on tem-
* investi- 00 . ~ompars 0 ex- - poral
gates prob- and con-  Comprehen-  Justifica- ison with plicit Sufficient evolu-
s vincing sive justifi- tion suffi- some External  inter- No ex- analyses by Code .
abilities of - . S . - ; . tion of
cation,real-  cient specific valida- nal val- plicit evaluating pa-  avail- . .
outbreaks o - ) o ! single in-
- istic struc- findings  tionas idation inter- rameter sen- able on
after one in- . L . dex cas-
ture inother  good as proce- nal val- sitivity and github, s
dex case . . o es within
studies possible  durebut idation dependency results school/
doneby avery proce- on model as- seem work-
compar- compre- durebut sumptions repro-
) . ) . place.
ing with hensive avery ducible They
thera- set cl>f Eompre- consid-
ure analy- etnsllcve erthe
seswere  seto proba-
done analy- s
L bility of
thatindi- seswere -
getting
cate va- done t
lidit that indi- an out
y ¢ break
F?j'te va- (=5 sec-
ity ondary
cases).
The ef-
fect to
the pop-
ulation
is not
the pri-
mary
scope of
the mod-
el.
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(Continued)
Monod Bayesian Yes No/minor No/minor No/minor VYes Moder- No Moder- No/minor No/mi-
2020 model for concerns concerns  concerns ate con- atecon-  concerns nor con-
transmis- cerns cerns cerns
sion dynam- . . .
icsin the Relative Valida- No inter-
USA mobili- Model as- Reference  Input pa- tion for nal vali- Crediblein-
* Age-strat- ty levels  sumptions forinput rameters thein- Age- dation Nointer-  tervals for Code
ified con- for the are justified;  parame- seemrea-  teraction stratified nal vali- key outcomes  avail-
tact-and- differ- limitations: ~ tersisgiv-  sonable of indi- death dation are given ableon
infection ent age population en; for the viduals data (e.g. RO, on- Github,
model groups: structure two Us, but by da- closely ward spread, MIT li-
* Impa’ct of mobility  except age sources strongly taofa matches contribution censeis
different between s notcom- for net- depend- second the mod- to infection needed
age groups Febru- pletely ac- workdata  ingonthe  mobile el pre- transmission);
to infection ary and counted for,  are given popula- phone dictions; parameter
dynamics is August young chil- tion struc-  provider; num- uncertain-
estimated com- dren with- ture predic- ber of ties: sensitivi-
* Interaction paredto  outphone tions report- ty analysis for
for different @ base- cannot be of the ed COV- the age-strati-
age groups line;mo-  followed up, model ID-19 fied infection
is based bility is but source arecom-  cases fatality ratio;
on mobile attrib- for their mo- paredto  com- one reference
phone data uted to bility input report- pared to to a similar
then SARS- ’ mortal-  datais giv- edcases  thepre- model, be-
CoV-2 trans. 'ty da- en; mobil- of COV- diction sides that no
mission. in.  @to fit ity of pop- ID-19; of the assessment of
fections’and the mod- ulation de- calibra- model structural un-
deaths are el; math- pendsona tion for increas- certainties
estimated emati- lot of exter- the cu- es, but
cal ap- nal factors mulative  expla-
proach num- nation
is clear- ber of is giv-
ly de- deaths en (in-
scribed seems creased
reason- testing);
able calibra-
tion as
kind of
depen-
dentval-
idation
Munday  Network Yes Major con- No/minor No/minor No Major No Moder- Moderate Major
2020 model cerns concerns  concerns con- atecon-  concerns con-
describ- cerns cerns cerns
ing trans-
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(Continued)
mission Majority ~ Model as- Source of Input pa- No exter- No inter- Parameter
between of model sumptions informa- rameters nal vali- nal vali- ) uncertain-
schools assump-  seem ide- tion for are rea- dation, Noexter-  dation Nointer-  ty: sensitivi- No FOde
*Transmis-  tionsare alistic, be- the net- sonable but ref- nalyall— nalyall— ty analysis for ~ avail-
sion proba-  stated cause the work of erence dation dation the reproduc- al:?le,
bility mod-  through  networkis  schoolsin to oth- tivenumber ~ Withthe
el showing equa- simplistic:it  England is er stud- (R) and for the dat?
the inter- tions, accountsfor  given. ies who within-house- ~ available
action of visuali- household Parame- cameto hold trans- r?P“Ca'
schoolsand  sations and schools, tersare similar mission prob-  tion of
households ~ might other popu-  complete, qualita- ability; re_SU“S
in England have lation struc-  buton- tive re- stochastic rmght be
* Outbreak been tures are ly a small sults uncertainty: difficult
y
probability helpful neglect- amount of credible inter-
for six differ- ed. Spread input pa- vals are given,
ent school between rameters 100 simula-
reopening schools is are used. tions in order
scenarios is seemingly to account for
modelled mediated stochastic un-
by infection certainty;
between no structur-
siblings al uncertain-
in house- ty analysis, al-
holds which though this is
seems ques- needed to jus-
tionable tify the struc-
ture
Naimark  Agent-based Yes No/minor No/minor No/minor Partial Moder- No Moder- Moderate No/mi-
g
2020 SEIR-based concerns concerns concerns ate con- atecon-  concerns nor con-
simulation cerns cerns cerns
model . .
* Model to Model Calibra- No inter-
calculate structure Ingeneralit  Inputpa- Input pa- tion and nal vali- Stochastic un-
cumulative isstated seemsrea- rameters rameters recali- Besides dation Nointer-  certaintiesare No code
COVID-19 with ref-  sonable to are trans- seem to bration the da- nal vali- checked by avail-
cases for erence combine parent bereason- forthe ta used dation several simu- able, de-
six differ- to the school re- and jus- able, firstand  for cali- lations, cred- scription
ent scenar- supple- opening tified, ta- parame- second bration, ible intervals rather
ios: schools mentary  andschools  bleforkey tersare wave no proof are given for compre-
ren:1ain— materi- remaining parame- calibrat- of COV- that the stochasticun-  hensive
ing closed al; clear closed with ters with edorwith  ID-19 model certainties;
and schools visual- different NPl sources is reference (depen- fits to ex- parameter
being re- isation measure- given to litera- dentval-  ternal uncertainties
opened in in the ments; in- ture idation) data as are checked
supple- fectiousness well by the differ-

combina-
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(Continued)

tion with mentary  of children ent scenarios,

three dif- materi- might be besides that

ferent non- al; refer-  different to they are not

pharmaco- ence to adult's in- checked

logicalin- asimilar  fectiousness

tervention modelin

(NPI) mea- another

sures; study

* Hypothet-

ical popula-

tion of one

million in-

dividuals

based on

the charac-

teristics of

the popula-

tion of On-

tario, Cana-

da, calibrat-

ed for the

first and

second COV-

ID-19 wave
Panovs- Agent-based  Yes Moderate No/minor Moderate Partial Moder- Partial Moder- Moderate No/mi-
ka-Grif- SEIR-model concerns concerns concerns ate con- atecon- concerns nor con-
fiths (COVASIM) cerns cerns cerns
2020a * Analysed

impact of Model . Depen- FZOVASIM

two differ- structure Itisreason- Input da- In gener- dent isan Assessment

ent school is clear- ablethatre- taarestat- althein- valida- Apart estab- COVASIM  for the ef- With the

opening ly stated  opening of ed and put para- tion for fromthe lished isan fects of un- given da-

scenarios and jus- schools is source is metersare thecon-  depen- frame- estab- certainties ta, repli-

and three tified, proportion-  publicly reason- firmed dentval-  work lished for deaths, R cation of

ways of test- used CO- altoreturn available able; itis cas- idation frame- andincidence results

ing on re- VASIMas  to work- for con- referred es and no ex- work,no  of COVID-19; seems

production a basis places, ef- firmed to the UK deaths, ternal otherin-  several sim- possible,

number (R) of model fectofdeci- casesand Govern- withda-  valida- ternal ulationsin Code for

incidence * (briefly sions of pol-  deaths, ment's ta of UK tion de- valida- order to ac- COVASIM

and death of e- icy makers referring COVID19 Govern- scribed tion count for sto- is avail-

COVID-19 scribed) on thistopic  to COVA dash- ment's chastic er- able

* second is neglected; for other board;cal- COV- rors, shown

simulation 14-days model pa-  ibration ID-19 by 10% and

with 50% complete rameters; of some dash- 90% quantiles

infectious- isolation of parame- board; (butonly 10

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*33UaPIAS parshaL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“P17 ‘suos 73 A3)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L zzoz © y3uAdod

(mainay) s1wapued 6T-@INOD Y3 Ulejuod 03 SuIIdS J0oYyds Y} ul pajusawajdwi sainseap

9T

(Continued)
ness of chil- peopletest-  updates ters;some  but simulations);
dren com- ed positive of COV- concerns these different sce-
pared to might be ASIM are because data narios for
older ages idealistic; integrat- model has  were al- test-tracing
* Two pos- prediction edintothe alotofpa- soused and school re-
sible strate- untilendof  model rameter to build opening seem
gies for re- 2021 ques- inputs the mod- reasonable;
opening tionable el,no parameter
schools: full- other ex- uncertainties:
and part- ternal two differ-
time with valida- ent parame-
50% atten- tion ters for chil-
dance, com- dren's infec-
bined with tiousness, be-
three types sides that pa-
of testing rameter un-
certainties are
not assessed;
structural un-
certainties are
not further as-
sessed
Panovs- Agent- Yes Moderate No/minor Moderate Partial Moder- Partial Moder- Moderate No/mi-
ka-Grif- based mod- concerns concerns concerns ate con- atecon-  concerns nor con-
fiths el based on cerns cerns cerns
2020b COVASIM, .
evaluating Model Thereiis COVASIM
the impact structure It mightnot  Illustrative ~ Somecon- noex- isan Stochastic
of face cov- seems be reason- table for cerns be- ternal Data estab- COVASIM  uncertain- Code for
erings in the reason- abletopre-  theinput cause of valida- have lished isan ties: several COVASIM
UK. num- able,ex-  dictapan- parame- the many tion but beencal- frame- estab- simulations is avail-
beFof new tensions  demicun- ters, input pa- model ibrated; work lished are done and able,
infections to CO- til 12/2021, COV- rameters calibra- calibra- frame- 10%/90% code for
for different VASIM only one ASIM-based of COV- tion for tionc work,no  quantiles are the rest
scenarios: suffi- mask-wear-  parame- ASIM the COV- otherin-  given, sto- of the
*no mask. cient- ingscenario  tersand ID-19 ternal chasticuncer-  model
wearing at ly de- at schoolis calibrat- cases valida- tainty is ex- is avail-
schools but scribed; modelled ed para- with tion tremely large;  ableon
community not and com- meters are case da- uncertainty github
mask wear- enough pared to stated taand of input para-
ing infor- no mask- death meters: differ-
* mask mation wearing at data for ent values for
wearing at about school the UK effectiveness
secondary COVASIM of mask wear-
schools and Ing;
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(Continued)
community no assess-
mask wear- ment of struc-
ing tural uncer-
Considered tainty
two differ-
ent levels
of effective
mask cover-
age
Phillips Agent-based Yes Major con- No/minor Moderate No Major No Moder- Moderate Moder-
2020 simula- cerns concerns concerns con- atecon- concerns ate con-
tion of one cerns cerns cerns
school/ .
childcare The No exter- No inter-
facility em- model Model as- Input pa- Transmis-  nalvali- nal vali- There were
bedded in structure  sumptions rame- sion prob-  dation No exter-  dation Nointer- severalsensi- Code not
the commu- is docu- might be ters have abilities nal vali- nalvali-  tivity analyses avail-
ity mented too sim- beenstat-  were cali- dation dation onimportant  able, but
* Basic sim- and jus- plistic as ed with brated to parameters. data and
ulation ap- tifiedin ~ smallscale  sources producea Uncertain- method
proach, mostin-  of model andsome  household ties have been  might
homoge- stances.  highlights were ad- attack rate generally be suf-
neous Mix- Unclear  importance  ditional- of 15% visualised, ficient-
ing based whether  of network ly clari- based on in somein- ly de-
on house- trans- effects. fied with only one stances it scribed
hold/class/ mission Homoge- explana- study, for is not clear to allow
school proba- neous mix- tions. the class/ whether stan-  for repli-
* Investi- bility is ingisar- For com- school the dard error of cation
gates alloca- under- gued by munity transmis- the mean or
tion of chil.  steod aerosol transmis-  sionrate standard de-
dren and correct- transmis- sionan has been viation of re-
educators to ly, beta sion, how- under-as-  scaled sults is given.
classes as well ever this certain- down Error bands
as con- would con- ment fac- somewhat which lead to
tactma-  tradict the torof 8.45  arbitrarily negative pro-
trices assumption  has been or at least portions of in-
have of strong- assumed not con- fected individ-
beende- lyage-de- without vincing uals indicate
scribed pendent justifica- flawed uncer-
as the transmis- tion. tainty analy-
proba- sion proba- Although sis.
bility of bilities. hinted at Uncertain-
trans- As under- in the text, ties general-
mission.  stood by differ- ly large, in-
reviewer: entinfec- dicates that
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(Continued)

transmis-
sion prob-
ability ap-
proximate-
ly propor-
tional to
class size,
might not
be expect-
ed as con-
tacts of chil-
dren might
not increase
proportion-
ally with
larger class
size.
Immediate
detection
of sympto-
matic in-
dividuals
and per-
fect compli-
ance with
no house-
hold trans-
mission in
isolation is
question-
able (on-

ly 5 class-
roomsand 1
school)

tiousness
of chil-
dren com-
pared to
adults has
seemingly
not been
analysed.

choice of out-
come vari-
ables is not
perfect (frac-
tions between
strategies
more relevant
than absolute
values)

Rozhno-
va 2020

Model for Yes
the Nether-
lands, ef-
fect of open-
ing/closing
schools on
effective
reproduc-
tion num-
ber (Re), in-
formative

Justifi-

cation is
compre-
hensive

No/minor
concerns

The as-
sumptions
are reason-
able

No/minor
concerns

Justifica-
tion is suf-
ficient

No/minor
concerns

Estima-
tion of
parame-
ters using
Bayesian
approach

No exter-
nal vali-
dation,
some lit-
erature
men-
tioned

Moder-
ate con-
cerns

No inde-
pendent
external
valida-

tion, but

No

No inter-
nal vali-
dation

Moder-
ate con-
cerns

No inter-
nal vali-
dation,
but the
method-

No/minor
concerns

Reliable
methodolo-
gy for uncer-
tainty analy-
ses applied

No/mi-
nor con-
cerns

Code
avail-
ableon
github,
repro-
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(Continued)
epidemic (priors real and ology ducibili-
data (ran- seems rea- very in- was ap- ty seems
dom cross- sonable), forma- plied given
section, not reliable tive da- previ-
reported methodol- ta used ously
cases with ogy, nega- for pa-
symptoms) tive bino- rameter
mial ob- fitting,
servations agree-
assumed ment of
model
and data
shown
Shelley Determin- Partial Major con- Moderate  Major No Major No Moder- Moderate Moder-
2020 istic SEIR cerns concerns concerns con- atecon- concerns ate con-
model strat- cerns cerns cerns
ified into .
town and Model No exter- No inter-
different co- structure Itis doubt- Epidemio-  Itis con- nal vali- nal vali- Parameter
horts within is most- fulifthisde- logical pa- ceivable dation No exter-  dation Nointer-  uncertainty Code has
a school ly clear, terministic rameters that form nal vali- nal vali- has been in- not been
* Adds pre- some model of have been  of trans- dation dation vestigated made
clinical and lack of suchanon-  settoCen- mission probabilisti- avail-
subclinical justifica-  closed sys- ters for matri- cally. able but
infectious tions. tem start- Disease ces which Transmission model
states Exact ing from Control have not matrices have  is com-
imple- oneseedin-  (CDC). been suf- not beensub-  para-
men- fection can Effect of ficiently jecttouncer-  blysim-
tation properlyde- cohorting justified tainty analy- ple. Giv-
of test- scribe infec-  has been have a ma- ses. en infor-
ingand tiondynam-  chosen jorimpact There arecon-  mation
quaran-  ics; without on results. cerns thatthe  might
tinein mass test- quantita- Role of simple mod- enable
themod- ingfraction  tivejustifi- mass test- el structure replica-
el not israndom- cation ing which can not de- tion of
total- ly drawn is chosen scribe the re- model,
ly clear between 0 to random al dynamics, but un-
and ne- and 1; high degrees is so ananalysis  clearim-
glect- sensitivity unclear of alternative ~ plemen-
edinre-  ofresults model struc- tation
sults/dis-  to the first ture would of test-
cussion seeded in- have beenad- ingand
fection im- equate. quaran-
plies prac- tine.
tical lack of
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(Continued)
robustness
of deter-
ministic ap-
proach; be-
ta has seem-
ingly not
been adjust-
ed for the
change of
magnitude
introduced
by transmis-
sion matri-
ces
Sruthi Ma- Partial Major con- No/minor No/minor VYes Moder- Partial Moder- Moderate No/mi-
2020 chine-learn- cerns concerns concerns ate con- atecon- concerns nor con-
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Appendix 8. Measures reducing the opportunity for contacts: study-by-study overview of the evidence contributing
to each outcome (modelling studies)

Outcome

Number of stud-

ies

Overview of effect by study

Comparison
used in each
study

Effect direc-
tion per study
(positive A;
negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Intervention subcategory: reducing opportunity for contacts - reducing the number of students and reducing the number of

contacts

Outcome category: transmission-related outcomes

Number or pro-
portion of cases

13 modelling
studies (Baxter
2020; Bershteyn
2020; Burns A
2020; Di Domeni-
€0 2020a; Ger-
mann 2020; Gill
2020; Head 2020;
Jones 2020;
Kaiser 2020;
Keeling 2020;
Mauras 2020;
Panovska-Grif-
fiths 2020a; Shel-
ley 2020)

Baxter 2020: under a regular schedule, the predict-
ed number of cases in adults would be 3,600,338
(1,491,000 cases in children). When implement-
ing an alternating attendance schedule in prima-
ry schools with 50% attendance only, the num-
ber of infections in adults would be 3,098,000 and
1,072,000 in children. When implementing the
same schedule on all school levels, the number
of infections in adults would be 3,166,000 and
1,134,000 in children. If only primary school chil-
dren (< 10 years) attend school, the predicted cu-
mulative number of infections in adults would be
3,242,000 and 1,183,000 in children.

Full opening of
schools with
no measures in
place

Positive A

Bershteyn 2020: among other measures, the study
assessed the effect of reducing the number of stu-
dents per class as well as an alternating atten-
dance schedule compared to a remote learning op-
tion, widespread testing at the beginning of the
work week, and daily symptom screening and self-
isolation. Reducing the number of students by 50%
predicted a 75% reduction in the secondary at-
tack rate. If there are several choices for schools
for how to schedule rotating cohorts, the decision
for smaller cohorts (e.g. 9 students per group at-
tending one-third of days instead of 13 students at-
tending one-half of days) reduces transmission risk
as well (results presented in a graphical way on-
ly). The effectiveness of the measure was assessed
alongside other measures (e.g. testing, symptom
screening and subsequent isolation).

Least intense
measure

Positive A

Burns A 2020: compared to reopening under symp-
tom-based isolation and full capacity, reducing the
number of students by 50% was predicted to lead
to a reduction in the attack rate by 16%.

Full opening of
schools with
no measures in
place

Positive A

Di Domenico 2020a: across all scenarios, opening
schools fully (100% capacity) on 11 May 2020 would
lead to the largest increase in new daily cases. With
results presented in a graphical way only, they im-
ply that all measures assessed lead to benefits, and

Full opening of
schools with
no measures in
place

Positive A
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these are generally similar across measures. How-
ever, for some scenarios progressive reopening of
schools over four weeks (with 25%, 50%, 75% and
100% capacity in weeks 1, 2, 3 and 4) is less ben-
eficial than both the partial reopening of schools
to 50% capacity immediately and progressive re-
opening over two weeks (with 25% and 50% capac-
ity in weeks 1 and 2). The magnitude of the effect
depends strongly on what types of schools are in-
volved in reopening: if only pre-schools and pri-
mary schools are reopened much fewer cases oc-
cur than if middle and high schools or all schools
are reopened. Additionally, the effect is moderat-
ed by the relative transmissibility of pre-school and
primary school children: in scenarios with lower
transmissibility in these younger children, fewer
cases occur with each measure in place.

Germann 2020: alongside measures to make con- Full opening of
tacts safer (face masks, hygiene, and distancing schools with
measures), the study asesses the impact of reduc- no measuresin
ing the number of students (80%, 40%) and intro- place

ducing alternating attendance schedules (week-

ly, 2 days). With schools opening at full capacity

with no measures in place, the study predicts that

the cumulative number of cases during the peak

four weeks of the pandemic would be 59,664,577

in the USA. Reducing the number of students by

20% decreases the number of cases to 12,346,146

during this period. Further reducing the number of

students to 40% and implementing an alternating

attendance schedule further decreases the num-

ber of deaths in this period: with a weekly alter-

nating schedule the number of deaths would be

2,263,045, while it would be 1,997,647 for a two-

day alternating schedule. With more workplaces

open, the numbers of cases was consistently higher

across all scenarios.

Positive A

Gill 2020: compared with schools reopening at full Full opening of
capacity with no measures in place, the study pre- schools with
dicts that strategies that reduce the number of stu-  no measures in
dents in schools (rotating 2 days per week; week- place

ly 4-day rotation; rotating 1 day per week) all lead

to reduced cumulative infections among students

and staff. This includes both strategies based on

alternating attendance (rotating 1 to 4 days per

week) as well as strategies based on in-school co-

horting (class cohorting; class cohorting and block

scheduling for older students; complete class pod-

ding). The size of this effect is moderated by school

type, with the rate in primary schools the lowest

across scenarios, followed by typical secondary

schools then large secondary schools. While all of

the strategies are effective, those built on alternat-

ing attendance are more effective and rotating one

day per week may be slightly more effective than

other alternating attendance strategies at a high-

er community incidence. The size of this effect is

moderated by community incidence, with a higher

Positive A
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community incidence leading to a higher number
of cumulative infections across scenarios. It is not
possible to disaggregate effects or determine effect
size due to co-interventions and lack of reporting.

Head 2020: the study predicts that strategies that Full opening of Positive A
reduce the number of students and thus reduc- schools with
ing contacts between students lead to reduced ex-  no measuresin
cess proportion of infected students, teachers and place
staff, household members and community mem-
bers. This includes strategies based on alternating
attendance (reduction of number of students on
school or on class level). With schools reopening at
full capacity with no measures in place, at a moder-
ate level of community transmission and with chil-
dren being half susceptible as compared to adults,
the study predicts an excess proportion of infected
teachers of 14.83 (95% CI1 0.93 to0 29.25), 14.18 ( 95%
Cl 1.63 to0 26.77) of students, 2.04 (95% CI -0.77

to 5.07) of household members and 1.16 (95% ClI
-0.9 to 3.28) of community members. When reduc-
ing the number of students on the school level
(maintaining class sizes, half the school attends
two staggered days each week according to grade
groups), the proportion of cases can be reduced.
For teachers, the excess proportion of cases per
10,000 is reduced to between 0.68 (95% CI -2.78

to 4.13); for students, this decreases to 0.55 (95%
Cl1-0.32 to 1.66); for family members, the propor-
tion decreases to 0.15 (95% Cl -1.65 to 1.92). For
the general population, the excess rate would be
reduced to 00.09 (95% Cl -1.48 to 1.46). When re-
ducing the number of students on the class lev-

el (50% or 10 students; each half attends 2 differ-
ent days each week), the proportion of cases can
be further reduced in students, family members
and the general population. For teachers, the ex-
cess proportion of cases per 10,000 is slightly high-
er than for the strategy that reduced the number

of students on the school level to 0.7 (95% CI -2.38
to 3.85); for students, the proportion decreases to
0.4 (95% CI -0.44 to 1.31); for family members, to
0.09 (95% CI -1.59 to 1.8) and for the general pop-
ulation, the excess rate would be reduced to 0.04
(95% Cl -1.42 to 1.55). In general, higher transmis-
sion, high schools, and increased relative suscepti-
bility of children lead to a higher number of cumu-
lative infections across scenarios.

Jones 2020: this is an observational study that ob- Full opening of Positive A
served a reduced cohort, with 55% of all students schools with

in the counties returning to in-person instruction, no measures in
with 45% enrolling in virtual learning programmes.  place

A one percentage-point increase of in-person stu-

dents (e.g. 60% to 61%) would have an estimat-

ed increase in district-wide student and staff case

rates of about 2.1%. School staff appear to be more

affected than students in all school types except

high schools. Regarding levels of community trans-

mission, each increase in one case per 1000 per
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week in the community leads to an increase in the
average rate within schools by more than 41%.

Kaiser 2020: compared to opening schools with Least intense Positive A
no measures in place, forming random cohorts to measure
reduce the number of students by 50% predicts

a ~50% reduction in classroom-level proportion

of infections (results only presented graphically).
Cohorting that considers out-of-school contact
between classmates can lower the frequency of
spread by 39% to 79% relative to random cohort-
ing. The average proportion of infections at the
same time falls from 11% (random cohorting) to
about 10% in gender split (where separate cohorts
are based on gender), network chain (where co-
horts are based on reported social networks, ac-
counting for out-of-school contacts) and optimised
cohorting (where 2 equal cohorts are formed), with
reductions of 4% (gender split strategy), 5% (net-
work chain strategy) and 7% (optimisation strate-
gy). Consistently through all studies, weekly alter-
nating attendance schedules always reduces infec-
tions relative to same-day instruction. The results
of the simulations are highly dependent on the lev-
el of community transmission and out-of-school in-
teraction.

Keeling 2020: the study assessed the impact of cer-  Full opening of Positive A
tain grades attending school on the increase in schools with
number of cases. With results being presentedina  no measuresin
graphical way only they predict that the increase place

in number of cases can be reduced if only certain

grades attend school. The effect is predicted to

be largest when only the years 1, 2 and 6 attend

school. The increase in cases is predicted to be

larger when only secondary school students attend

compared to when only primary school students

attend. Implementing an alternating attendance

schedule and having only 50% of the students at-

tend class leads to a reduction in the increase in

cases when compared to having 100% of the re-

spective year groups attending school. The effects

are moderated by the level of community transmis-

sion, with higher levels of community transmission

leading to a larger increase in cases.

Mauras 2020: in a primary school, with a baseline Full opening of Positive A
reproduction number of 1.25, no specific measure schools with
implemented would lead to 50 cases (SD=1.6);im-  no measuresin
plementing an alternating attendance schedule place

and an on-off model (presence versus absence of

all students) is predicted to lead to a reduction in

the number of cases. The cumulative number of

cases in the population according to this strate-

gy would reduce the number of cases to 19.2 (SD

=0.9) in an on-off daily scenario; 16.8 (SD =0.7) in

an on-off weekly scenario; 12.7 (SD = 0.6) in a ro-

tating daily scenario and 11.9 (SD = 0.6) in a rotat-

ing weekly scenario. In the long run, weekly alter-

nation is predicted to perform better than daily al-
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Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.

Better health.

Cochrane Database of Systematic Reviews

(Continued)

ternation, both for on-off (15.6 versus 17.4) and for
rotating (12.0 versus 12.4) strategies. Although the
magnitude varies compared to a primary school,
similar effects are seen in a high school.

Panovska-Griffiths 2020a: while results are only
presented in a graphical way they imply that un-
der different testing/tracing scenarios, an alternat-
ing attendance schedule compared to full reopen-
ing leads to fewer new infections. With improved
testing and tracing in place, the number of infec-
tions can be reduced in both cases. The study al-
so assumed that reopening of schools would cor-
respond to increases in workplace and commu-
nity transmission probabilities, to account for in-
creased social mixing with reopening of schools
and relaxation of the physical distancing restric-
tions that have applied to work, leisure, and com-
munity activities.

Full opening of
schools with
no measures in
place

Positive A

Shelley 2020: opening schools with 100% of the
students attending school five days in a row is pre-
dicted to lead to a total of 56,009 (95% CI 47,295 to
64,723) cases in the general population and 5263
(959% CI 3565 to 6961) cases in children in a com-
munity of 100,000 individuals. Reducing the num-
ber of students by 50% and implementing alter-
nating attendance schedules leads to inconsistent
effects: when implementing an A/B daily alternat-
ing attendance schedule (50% students attend-

ing school in the morning; 50% students attending
school in the afternoon), this is predicted to lead to
59,948 (95% Cl 51,118 to 68,777) cases in the gen-
eral population and 8994 (95% Cl 7654 to 10,333)
cases in children; when implementing a two-day
per week alternating attendance schedule (50% of
students attending Monday and Tuesday; Wednes-
day off; 50% of students attending Thursday and
Friday), this is predicted to lead to 59,917 (95% ClI
53,182 to 66,653) of cases in the general population
and 8985 (95% Cl 7927 to 10,044) of cases in chil-
dren. The lowest number of cases is predicted for
a scenario when a weekly alternating attendance
schedule is implemented (50% of students attend-
ing one week; 50% of students attending the oth-
er week), this is predicted to lead to 16.72 (95% ClI
8.31to 33.63) cases in the general population and
1.42 (95% CI1 0.77 to 2.63) cases in children. When
reducing the number of students to 20%, this is
predicted to lead to 176.90 (95% Cl 48.02 to 651.68)
cases in the general population and 26.33 (95% ClI
7.08 t0 97.94) cases in children. With 100% of the
students being in distance learning, number of pre-
dicted cases would be 59,942.76 (95% CI 50,767.00
t0 69,118.52) in the general population and 8958.00
(95% C1 6808.34 t0 11,107.66) in children. These
numbers vary according to level of community
transmission as well as co-interventions in place:
with mitigation measures in place that lead to a re-

Full opening of
schools with
no measures in
place

No change/
mixed ef-

fects/conflicting

findings <4»
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duced R of 1.01 to 1.40 compared to RO of 2.5 to 3.0,
the numbers are consistently lower.

Risk of infection 2 modelling Espafia 2020: the study compares schools operat- Full opening of Positive A
studies (Cohen ing with 50% 75%, and 100% of students attend- schools with
2020; Espaia ing school in person and under different levels of no measuresin
2020) face-mask adherence (50%, 75%, 100% adherence)  place

and its effect on the proportional reduction in risk
of infection when compared to operating schools
at full capacity and without face masks. When com-
pared to operating schools at 100% capacity and
no face masks, the risk of infection in all population
groups is predicted to decrease if fewer students
attend school. With 75% of students attending,

the risk of infection in teachers decreases by 7.9%
(95% CI 7.5% to 8.3%) under a low-mask adher-
ence (high adherence: 0.7% (95% CI 0.6% to 0.7%)
compared to the baseline scenario; with only 50%
of students attending, the risk decreases by 0.6%
(0.6% to 0.7%) (high-mask adherence: 0.4 (95%
Cl0.4% to 0.4%)). In students, the risk is reduced by
8.5% (95% CI8.1% to 8.8%) (high adherence: 0.4%
(95% Cl10.4% to 0.4%)) in a 75% attendance sce-
nario and 0.5% (95% C10.4% to 0.5%) (high adher-
ence: 0.2% (95% Cl0.2% to 0.2%)) in a 50% capac-
ity scenario. In the general population, the risk of
infection can be reduced by 10% (9% to 10%) (high
adherence: 1% (95% CI1.0% to 1.0%)) if only 75% of
students attend school, and by 1% (95% CI1.0% to
1.0%) (high adherence: 1% (95% CI1.0% to 1.0%))
when only 50% attend school.

Cohen 2020: if schools open at full capacityand no  Full opening of Positive A
countermeasures in place, the cumulative risk of schools with
an infection for individuals in schools would range ~ no measures in
between 9.5% and 24.6% for teachers and school place

staff and between 6.4% and 17.2% for students,

depending on the level of community transmis-

sion. Reducing the number of students predictably

leads to a reduction in the cumulative infection

rate for individuals in schools. The lowest risk of

an infection is predictably achieved by implement-

ing an alternating attendance schedule in prima-

ry schools (thus reducing the number of students

by 50%) while keeping middle and high schools re-

mote. The risk of infection for school teachers and

staff is predicted to range between 0.2% and 0.7%

and the risk for students between 0.1% and 1.0%,

depending on the level of community transmis-

sion. Teaching all primary school students in per-

son with countermeasures in place (non-pharma-

ceutical interventions, cohorting, screening) and

middle and high school students remotely leads to

a predicted increase in risk of an infection (teach-

ers/school staff = 0.3% to 2.1%; students 0.2% to

1.2%). Keeping high school students remote while

teaching primary and middle school students in

person further increases the predicted cumula-

tive infection rates (teachers/school staff = 0.5%

to 3.4%; students 0.3% to 2.4%). Teaching all stu-
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dents in person with countermeasures in place and
implementing an alternating attendance sched-
ule leads to predicted risk of an infection of 0.6%
to 4.3% in teachers/school staff while increasing
the rate in students to 0.4% to 3.1%. Teaching all
students in person with countermeasures in place
without implementing an alternating attendance
schedule leads to predicted risk of an infection of
0.8% to 5.5% in teachers/school staff while increas-
ing the rate in students to 0.6% to 4.1%. A sensitiv-
ity analysis showed that an increasing susceptibili-
ty of children had a significant impact on the infec-
tion rate for people in schools. The effect varies ac-
cording to the level of transmission in the commu-
nity.

Reproduction
number

6 modelling
studies (Cohen
2020; Keeling
2020; Landeros
2020; Lee 2020;
Phillips 2020;
Zhang 2020)

Cohen 2020: compared to schools opening with full
capacity and no countermeasures, reducing the
number of students in schools by opening primary
and middle schools only as well as implementing
an alternating attendance schedule is predicted to
reduce the effective reproduction number to below
1 (results presented graphically). The results vary
according to the level of community transmission,
with no consistent trend across the different sce-
narios.

Full opening of
schools with
no measures in
place

No change/
mixed ef-
fects/conflicting
findings €»

Keeling 2020: the study assessed the impact of cer-
tain grades attending school on the reproduction
number in four regions of the UK. With results be-
ing presented in a graphical way only they predict
that the increase in R can be reduced if only certain
grades attend school. The effect is predicted to be
largest when only years 1, 2 and 6 attend school.
Theincrease in Ris predicted to be larger when on-
ly secondary school students attend compared to
when only primary school students attend. Imple-
menting an alternating attendance schedule and
having only 50% of the students attend class leads
to a reduction in the increase in R when compared
to having 100% of the respective year groups at-
tending school. The effects are moderated by the
level of community transmission, with higher levels
of community transmission leading to a larger in-
creaseinR.

Full opening of
schools with
no measures in
place

Positive A

Landeros 2020: splitting a school community in-

to two or three even rotating cohorts substantial-
ly reduces RO under a wide range of parameter val-
ues, and slows viral spread in cases of moderate
transmissibility. Moving from full capacity to two
cohorts reduces RO by 50%, using three cohorts fur-
ther reduces RO, by an unspecified amount.

Full opening of
schools with
no measures in
place

Positive A

Lee 2020: the study found that reopening schools
for all children would return postintervention
transmission levels to baseline RO, despite strict
physical distancing in the rest of the community.
Compared to this, reopening schools only for chil-
dren <10 years, even without reduction in daily

Full opening of
schools with
no measures in
place

Positive A
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contacts, is predicted to maintain postintervention
RO <1 up to a baseline RO of ~4.5. The addition of
school reopening with reduction in daily contacts
for children aged 10 to 19 years to 33% of baseline
is predicted to keep postintervention RO<1luptoa
baseline RO of ~3.3.

Phillips 2020: while results are only presented in a Full opening of positive A
graphical way, decreasing the number of students schools with
in the classroom decreases the effective reproduc-  no measuresin
tive rate (Re) for both low and high rates of trans- place
mission, with numbers being lower under a low-
transmission setting.
Zhang 2020: with very strict community measures Full opening of Positive A
in place where very little workplace and commu- schools with
nity contacts take place (e.g. lockdown), opening no measures in
high schools would lead to an R(t) of just above place
1, compared to an R(t) of approximately 1.75 if
schools were completely open. This is moderated
strongly by the proportion of 'normal’ contacts tak-
ing place in the workplace and community: as this
proportion approaches 100%, the R(t) value be-
comes very similar regardless of whether only high
schools or all schools are open.
Number or pro- 5 modelling Baxter 2020: under a regular schedule, the pre- Full opening of Positive A
portion of deaths  studies (Baxter dicted number of deaths would be 21,980 in the- schools with
2020; Germann general population of the state of Georgia, USA. no measures in
2020; Head 2020;  If only primary school children (< 10 years) attend place
Keeling 2020; school, the predicted cumulative number of deaths
Panovska-Grif- would be 18,977. When implementing an alternat-
fiths 2020a) ing attendance schedule with 50% attendance on
all school levels, the number of deaths would be
reduced to 18,385. When implementing an alter-
nating attendance schedule in primary schools,
the number of deaths would be further reduced to
18,075. If all students receive online instruction,
the number of deaths would be 17,417.
Germann 2020: alongside measures to make con- Full opening of Positive A

tacts safer (face masks, hygiene, and distancing
measures), the study assessed the impact of reduc-
ing the number of students (80%, 40%) and intro-
ducing alternating attendance schedules (weekly,
2 days). With schools opening with full attendance
and no measures in place, the study predicts that
the number of deaths during the peak four weeks
of the pandemic would be 107,322 in the gener-

al population of the USA. Reducing the number of
students by 20% decreases the number of deaths
to 20,900 during this period. Further reducing the
number of students to 40% and implementing an
alternating attendance schedule further decreases
the number of deaths in this period: with a weekly
alternating schedule the number of deaths would
be 4108, while it would be 3624 for a two-day alter-
nating schedule. With more workplaces open, the
number of deaths was consistently higher across
all scenarios.

schools with
no measures in
place
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Head 2020: with schools reopening at full capac-
ity with no measures in place, at a moderate lev-

el of community transmission and with children
being half susceptible as compared to adults, the
study predicts an excess total death rate of 0.56
(95% Cl -1.88 to 3.13) per 10,000, corresponding to
434 (95% CI -1451 to 2418) deaths across the Bay
area, of which 287 would be among the general
population (0.54, 95% Cl -2.73 to 3.66), 114 among-
household members of students (0.87, 95% Cl -3.8
to 7.48), and 31 among teachers (2.97, 95% CI 0.00
to 47.17); only one death was expected among stu-
dents (0.01, 95% C1 0.00 to 0.01). The study predicts
that strategies that reduce the number of students,
and thus reduce contacts between students, lead
to reduced excess rate of deaths in students, teach-
ers and staff, household members and communi-
ty members. This includes strategies based on al-
ternating attendance (reduction of number of stu-
dents on school or on class level). The study pre-
dicts that strategies that reduce the number of stu-
dents lead to reduced proportion of deaths among
students, staff and teachers, household mem-

bers and community members. This includes both
strategies based on alternating attendance (reduc-
tion of number of students on class level, reduction
of number of students on school level). When re-
ducing the number of students on the school lev-
el (maintaining class sizes, half the school attends
2 staggered days each week according to grade
groups), the proportion of deaths can be reduced.
For teachers, the excess proportion of cases per
10,000 is reduced to -0.05 (95% CI -0.05 to 0.00);

for students, this would be reduced to 0.00 (95%
C10.00 to 0.00); for household members, the pro-
portion decreases to 0.12 (95% Cl -3.79 to 7.24). For
the general population, the excess rate would be
reduced to 0.04 (95% Cl -2.76 to 3.6). When reduc-
ing the number of students on the class level (10
students per class, 2-day attendance per week), the
excess rate of deaths in teachers per 10,000 is fur-
ther reduced to -0.18 (95% CI -0.18 to 0.00). For stu-
dents, this remains unchanged at 0.00 (95% CI 0.00
to 0.00). For household members, it decreases to
0.06 (95% CI -3.8 to 4.01). For the general popula-
tion, the excess rate would be reduced to 0.01 (95%
Cl-2.74 t0 2.75). In general, higher transmission,
high schools, and increased relative susceptibility
of children lead to a higher number of cumulative
infections across scenarios.

Full opening of
schools with
no measures in
place

Positive A

Keeling 2020: the study assessed the impact of cer-
tain grades attending school on the increase in
number of deaths in the general population of Eng-
land. With results being presented in a graphical
way, they predict that the increase in number of
deaths can be reduced if only certain grades attend
school. The effect is predicted to be largest when
only grades 1,2 and 6 attend school. The increase
in deaths is predicted to be larger when only sec-

Full opening of
schools with
no measures in
place

Positive A
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ondary school students attend compared to when
only primary school students attend. Implement-
ing an alternating attendance schedule and having
only 50% of the students attend class leads to a re-
duction in the increase in deaths when compared
to having 100% of the respective year groups at-
tending school. The effects are moderated by the

level of community transmission, with higher levels

of community transmission leading to a larger in-
crease in deaths.

Panovska-Griffiths 2020a: with results presented
in a graphical way, they imply that under differ-
ent testing/tracing scenarios, an alternating atten-
dance schedule compared to a full reopening (as-
suming that 90% of the students attend) leads to
an equal number of deaths in the general popula-
tion of the UK. With improved testing and tracing
in place, the number of deaths can be decreased in
both cases. The study also assumed that reopen-
ing of schools would correspond to increases in
workplace and community transmission probabili-
ties, to account for increased social mixing with re-
opening of schools and relaxation of the physical
distancing restrictions that have applied to work,
leisure, and community activities.

Full opening of
schools with
no measures in
place

Positive A

Risk of death

1 modelling
study (Espafia
2020)

Espaiia 2020: the study compares schools oper-
ating at 50%, 75%, and 100% capacity under dif-
ferent assumptions of adherence to wearing face
masks (50%, 75%, 100% adherence) compared

to operating schools at full capacity and without
face masks and its effect on risk of death. In teach-
ers, the risk of death can be reduced by reduc-

ing capacity to 75% (high adherence: 4.0% (4.0%
to 5.0%); low adherence: 3.8% (3.6% to 4.0%) or
50% (high: 3.0% (3.0% to 3.0%); low: 4.0% (4.0%
t0 4.0%). In the family, the risk of death can be re-
duced to 0.4% (0.4 to 0.5%) (low adherence: 4.2%
(3.9% to 4.4%)) if only 75% of students attend
school, and 0.3% (0.3% to 0.3%) (low adherence:
0.4% (0.4% to 0.5%)) when only 50% attend school.
In the general population, the risk of death can be
reduced to a 5.0% (5.0% to -5.0%) (low adherence:
11.0% (11.0% to 11.0%)) if only 75% of students at-
tend school, and 4.0% (4.0% to 5.0%) (low adher-
ence: 5.0% (5.0% to 5.0%)) when only 50% attend
school.

Full opening of
schools with
no measures in
place

Positive A

Shift in pandem-
ic development

5 modelling
studies (Alvarez
2020; Germann
2020; Landeros
2020; Mauras
2020; Phillips
2020)

Alvarez 2020: when reducing the capacity of stu-
dents attending school, the peaks in ICU capacity
occurred later compared with higher rates of stu-
dent attendance (results presented in graphical
way). The effects varied based on the intensity of
the contact tracing and isolation strategy that was
in place

Full opening of
schools with
no measures in
place

Positive A

Germann 2020a: alongside measures to make con-
tacts safer (face masks, hygiene, and distancing
measures), the study assessed the impact of reduc-

Full opening of
schools with

Positive A
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ing the number of students (80%, 40%) and intro-
ducing alternating attendance schedules (week-

ly, 2 days). With schools opening at full capacity
with no measures in place, the study predicts that
the time to peak incidence would be 62 days in the
USA. Reducing the number of students by 20% in-
creases the number of days to peak incidence in
the USA to 118. Further reducing the number of
students to 40% and implementing an alternating
attendance schedule further increases the number
of days to peak incidence to 174 days. There was
no difference between the two alternating atten-
dance schedules (174 days for both weekly versus
2 days alternating attendance). With more work-
places open, the time to peak incidence would be
consistently shorter, with also no difference shown
for the two different alternating attendance sched-
ules.

no measures in
place

Germann 2020b: alongside measures to make con-
tacts safer (face masks, hygiene, and distancing
measures), the study assessed the impact of reduc-
ing the number of students (80%, 40%) and intro-
ducing alternating attendance schedules (week-
ly, 2 days). For time to peak prevalence the effects
are similar. With schools opening at full capacity
with no measures in place, the study predicts that
the time to peak prevalence would be 66 days in
the USA. Reducing the number of students by 20%
increases the number of days to peak prevalence
in the USA to 122. Further reducing the number of
students to 40% and implementing an alternating
attendance schedule further increases the number
of days to peak prevalence to 178 days. There was
no difference between the two alternating atten-
dance schedules (178 days for both weekly versus
2 days alternating attendance). With more work-
places open, the time to peak prevalence would be
consistently shorter, with also no difference shown
for the two different alternating attendance sched-
ules.

Full opening of
schools with
no measures in
place

Positive A

Landeros 2020: using a stopping rule on cumula-
tive prevalence of 5%, the model predicts closures
within a month if all students attend school in per-
son and with no mitigation. With results being pre-
sented in a graphical way only, they show that re-
ducing the number of students predictably increas-
es the time until the stopping rule is reached. Re-
ducing the number of students to 50% by imple-
menting alternating attendance schedules (2 par-
allel cohorts versus 2 rotating cohorts) is predicted
to lead to 6 to 8 weeks to reach the stopping point
(2 rotating cohorts) or 8 to 10 weeks under two par-
allel cohorts. Reducing the number of students to
33% by implementing an alternating attendance
schedule (3 cohorts) further extends the period of
time (length not reported). Effects vary according
to the assumed transmission rate in children and
adults.

Full opening of
schools with
no measures in
place

Positive A
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Mauras 2020: in a primary school, with a baseline
reproduction number of 1.25, no specific measure
implemented would mean 12.7 days (SD =0.3) un-
til an outbreak (= 5 secondary cases); all measures
are effective in reducing the time to outbreak: on-
off daily: 13.6 days (SD = 0.4); on-off weekly: 13.4
days (SD = 0.4); rotating daily: 14.5 days (SD = 0.5);
rotating weekly: 14.6 (SD = 0.5). Although the mag-
nitude varies compared to a primary school, similar
effects are seen in a high school.

Full opening of
schools with
no measures in
place

Positive A

Phillips 2020: with results presented in a graphical
way, they imply that a ratio of 15:1 (student-educa-
tor) also results in shorter mean and median out-
break lengths in the entire population in both low-
and high-transmission cases in primary schools.
Higher student-educator ratios facilitate faster dis-
ease spread through the school than smaller ones.

Full opening of
schools with
no measures in
place

positive A

Number or pro-
portion of infect-
ed schools

1 modelling
study (Aspinall
2020)

Aspinall 2020: if all schools are open to 100% in-
person teaching, the percentage of primary schools
with at least one infected person on the premis-

es was predicted to be between 4% and 20% (661
to 3310 primary schools); with certain grades re-
turning to school, the percentage was predicted to
range between 2% and 11% (336 to 1873 primary
schools), while for ~33% of all primary school stu-
dents returning to schools, between 1% and 5.5%
of primary schools (178 to 924 schools) would have
at least one infected person on the premises. The
effects varied by time point of school reopening. If
all primary schools return to 100% in-person teach-
ing three months later, the percentage of schools
with at least one infected person on the premises
would be between 3.6% and 19.8% of schools (612
to 3310 schools). With increasing levels of commu-
nity transmission, effect estimates are assumed to
increase by 30%.

Full opening of
schools with
no measures in
place

Positive A

Risk of trans-
mission to other

school

1 modelling
study (Munday
2020)

Munday 2020: with all students attending school,
the risk of transmission to other schools varied be-
tween 0.42 and 3.6 depending on the level of com-
munity transmission. With certain grades return-
ing to primary school (reception (children aged 4
to 5); year 1 (children aged 5 to 6) and year 6 (chil-
dren aged 10 to 11), the predicted risk of transmis-
sion between schools was lowest (0.01 to 0.09, de-
pending on the level of community transmission).
The additional attendance of Year 10 students (14
to 15 and 16 to 17-year olds) resulted in an increase
in the risk of transmission between schools to 0.03
to 0.34. When letting Year 12 students return, the
number increased to 0.01 to 0.15. With both Year 10
and 12 students returning, the number would be
0.04 to 0.44. when all secondary school students
attended school the predicted number was high-
est 0.26 to 2.6). With all primary school students at-
tending school, the number was 0.05 to 0.45. The

Full opening of
schools with
no measures in
place

Positive A
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effect varied by level of community transmission (R
=1.1toR=1.5)

Outcome category: healthcare utilisation

Number or pro-
portion of hospi-
talisations

2 modelling
studies (Ger-
mann 2020;
Head 2020)

Germann 2020: alongside measures to make con- Full opening of
tacts safer (face masks, hygiene, and distancing schools with
measures), the study assessed the impact of reduc-  no measuresin
ing the number of students (80%, 40%) and intro- place
ducing alternating attendance schedules (weekly,

2 days). With schools opening at full capacity with

no measures in place (prepandemic scenario), the

study predicted a cumulative number of hospitali-

sations during the peak four weeks of the pandem-

ic of 1,798,188 in the USA. With community inter-

ventions in place, the number of hospitalisations

in that period is predicted to be 685,746. Reducing

the number of students by 20% reduced the num-

ber of hospitalisations to 354,878 during this pe-

riod. Further reducing the number of students to

40% and implementing an alternating attendance

schedule further decreases the number of deaths

in this period: with a weekly alternating schedule

the number of deaths would be 67,090, while it

would be 59,056 for a two-day alternating sched-

ule. With more workplaces open, the numbers of

cases was consistently higher across all scenarios.

Positive A

Head 2020: the study predicts that strategies that Full opening of
reduce the number of students and thus reducing schools with
contacts between students lead to reduced excess ~ no measures in
hospitalisations per 10,000 students, teachers and place
staff, household members and community mem-

bers. This includes strategies based on alternat-

ing attendance (reduction of number of students

on school or on class level). With no measures in

place, the excess rate of hospitalisations per 10,000
subpopulation would be 40.5 (95% CI -46.95 to

146.64) for teachers, 0.08 (95% C 10.00 to 0.08) for

students, 6.86 (95% Cl- 14.32 to 30.11) for house-

hold members and 4.2 (95% Cl- 7.33 to 16.32) for
community members. When reducing the number

of students on the class level (50% or 10 students;

each half attends 2 different days each week), the
proportion of hospitalisations can be further re-

duced. For teachers, the excess proportion of hos-
pitalisations per 10,000 is reduced to 2.12 (95% Cl-

47.62 to 47.85, 47.85); for students, this decreases

t0 0.01 (0.00 to 0.01); for household members, the
proportion decreases to 0.9 (95% CI-18.34 to 18.7);

for the general population the rate of hospitalisa-

tions decreases to 0.18 (95% CI -9.98 t0 9.96). When
reducing the number of students on the school lev-

el (maintaining class sizes, half the school attends

2 staggered days each week according to grade

groups), the proportion of hospitalisations can be

reduced. For teachers, the excess proportion of
hospitalisations per 10,000 is reduced to 2.12 (95%

Cl-47.62 to 47.85; for students, this decreases to

0.01 (95% Cl 0.00 to 0.01); for household members,

Positive A
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the proportion decreases to -0.9 (95% CI -18.34 to
18.7); for the general population the rate of hos-
pitalisations decreases to -0.03 (95% CI -10.03 to
9.87). In general, higher transmission, high schools,
and increased relative susceptibility of children
lead to a higher number of cumulative infections
across scenarios.

Number or pro-
portion of cases
requiring inten-
sive care

3 modelling
studies (Alvarez
2020; Di Domeni-
€0 2020a; Keel-
ing 2020)

Alvarez 2020: compared with opening schools with
full attendance (100%), opening schools with de-
creased attendance (25%) predicted reductions

in demands on ICU beds, with effects varying due
to concurrent contract tracing and isolation. Com-
pared to a scenario in which 0% of the students at-
tended school (baseline ICU demand in metropoli-
tan region: n =2013 ; Antofogasta region n = 1362;
Valparaiso region n =70), the demand for ICU beds
increased by 121% to 1221% when 100% of stu-
dents attended school (metropolitan region: n =
4452 (increase of 121%); Antofogasta region n = 708
(increase of 165%); Valparaiso region n =925 (in-
crease of 1221%)). The effects varied according to
the intensity level of contact tracing and isolation
strategies outside of the school setting: with in-
creased contact tracing and isolation, the demand
for ICU beds was consistently lower across all sce-
narios.

Full opening of
schools with
no measures in
place

Positive A

Di Domenico 2020a: reopening schools fully on

11 May 2020 with no measures in place predicted
the largest demand in ICU occupancy. Reopening
of schools over four weeks (with 25%, 50%, 75%
and 100% capacity in weeks 1, 2, 3 and 4, respec-
tively) was found less beneficial than both the par-
tial reopening of schools to 50% capacity immedi-
ately and progressive reopening over two weeks
(with 25% and 50% capacity in weeks 1 and 2, re-
spectively). The magnitude of effect varied de-
pending on the types of schools operated: if on-

ly pre-schools and primary schools are operated,
the overall ICU occupancy remains under capacity
and lower than if secondary schools or all schools
are operated. Additionally, the effect varied by the
relative transmissibility of pre-school and primary
school children: in scenarios with lower transmissi-
bility in these younger children, ICU occupancy was
generally lower.

Full opening of
schools with
no measures in
place

Positive A

Keeling 2020: the study assessed the impact of cer-
tain grades attending school on the increase in

ICU admissions. With results being presented in

a graphical way only they predict that ICU admis-
sions increase can be reduced if only certain grades
attend school. The effect is largest when only years
1,2 and 6 attend school. The increase in ICU ad-
mission is predicted to be larger when only sec-
ondary school students attend compared to when
only primary school students attend. Implement-
ing an alternating attendance schedule and hav-
ing only 50% of the students attend class leads to a

Full opening of
schools with
no measures in
place

Positive A
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lower increase ICU admissions when compared to
having 100% of the respective year groups attend-
ing school. The effects are moderated by the lev-
el of community transmission, with higher levels
of community transmission leading to a larger in-
crease in ICU admissions.

Outcome category: societal, economic and ecological outcomes

Numbers of days

3 modelling

Cohen 2020: while numbers are only reported in

spentin school

studies (Cohen
2020; Gill 2020;
Phillips 2020)

a graphical way, reducing the number of students
would reduce the number of days spent at school
to 17% to 40% due to planned school closure or

a SARS-CoV-2 infection, depending on the cumu-
lative infection rate. The lowest number of days
spent at school (~17%) is under a measure which
only teaches primary students in person and with
an alternating attendance schedule (i.e. middle
and high school students are taught remotely).
When either (i) teaching primary school students
in person with countermeasures in place (non-
pharmaceutical interventions, cohorting, screen-
ing) and middle and high school students remote-
ly or (ii) teaching all students in person with coun-
termeasures in place and implementing an alter-
nating attendance schedule, the percentage of
days spent at school would be around 40%. Teach-
ing primary and middle school students in person
with countermeasures in place while teaching high
school students remotely would lead to ~65% of
school days spent at home. With all students being

taught in person with no countermeasures in place,

the percentage of days spent at school would pre-
dictably be at around 90% to 95%. The results vary
according to the level of community transmission,
with higher levels of community transmission lead-
ing to a higher percentage of school days lost.

Full opening of
schools with
no measures in
place

Negative ¥

Gill 2020: compared with schools reopening at full
capacity with no measures in place, the study pre-
dicts that strategies that reduce the number of stu-
dents in schools (rotating 2 days per week; weekly
4-day rotation; rotating 1 day per week) all lead to
a lower proportion of school days attended in per-
son by design. With results presented in a graphical
way only, they imply that the number of unplanned
days spent at home is larger in schools operating
full-time than in schools using hybrid approaches
because schools using hybrid approaches experi-
ence fewer infections that lead to quarantines or
closures. The number of days attended in person
remains constant for all strategies that reduce the
number of students in schools, regardless of the
community incidence.

Full opening of
schools with
no measures in
place

Negative ¥

Phillips 2020: the study results imply that for re-
ducing the class size from 30 to 15 and 8 reduced
the predicted number of student days lost to clo-
sure, thus increasing the number of days spent in
school. The predicted number of student days lost

Full opening of
schools with
no measures in
place

Positive A
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was 76.0 + 59.5 for a ratio of 8:1,270.2 + 195.6 for a
ratio of 15:1 and 1157.7 + 684.3 for a ratio of 30:1.
These effects were moderated by the level of com-
munity transmission. For all but the ratio 30:1, the
number of student days lost to closure were consis-
tently higher in a higher transmission setting.

Intervention subcategory: reducing opportunity for contacts - reducing number of contacts

Outcome

ies

Number of stud-

Summary of findings

Certainty of evi-

dence

Comments

Outcome category: transmission-related outcomes

Number or pro-
portion of cases

3 modelling
studies (Cohen

2020; Gill 2020;
Head 2020)

Cohen 2020: if schools operate under full capaci-
ty and no countermeasures are in place, the pre-
dicted cumulative infection rate for individuals

in schools would range between 9.5 and 24.6 for
teachers and school staff and between 6.4 and
17.2 for students, depending on the level of com-
munity transmission. Implementing countermea-
sures such as mask wearing, detecting, tracing, and
quarantining cases within schools alongside a re-
duction of contacts between cohorts is predict-

ed to decrease the cumulative infection rates to
0.8 to 5.5 in teachers/school staff and 0.6 to 4.1 in
students. A sensitivity analysis showed that an in-
creasing susceptibility of children had a significant
impact on the infection rate for people in schools.

Full opening of
schools with
no measures in
place

Positive A

Gill 2020: compared with schools reopening at full
capacity with no measures in place, the study pre-
dicts that strategies that employ precautions, in-
cluding mask wearing for students and staff on the
bus and throughout the school day, as well as re-
duce the number of contacts between students

in schools (class cohorting; class cohorting and
block scheduling for older students; complete class
podding) all lead to reduced cumulative infections
among students and staff (results presented graph-
ically). The size of this effect is moderated by com-
munity incidence, with a higher community inci-
dence leading to a higher number of cumulative in-
fections across scenarios. While all the strategies
that reduce the number of contacts in schools are
similarly effective, class cohorting may be slightly
more effective at higher community incidence.

Full opening of
schools with
no measures in
place

Positive A

Head 2020: the study predicts that strategies that
reduce contacts (by 50% and by 75%) between stu-
dents lead to reduced excess proportion of infect-
ed students, teachers and staff, household mem-
bers and community members. With schools re-
opening at full capacity with no measures in place,
at a moderate level of community transmission
and with children being half susceptible as com-
pared to adults, the study predicts an excess pro-
portion of infected teachers of 14.83 (95% CI 0.93 to
29.25), 14.18 (1.63 to 26.77) of students, 2.04 (-0.77
to 5.07) of household members and 1.16 (-0.9 to

Full opening of
schools with
no measures in
place

Positive A
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3.28) of community members. When reducing the
number of contacts by 50%, the proportion of cas-
es can be reduced. For teachers, the excess pro-
portion of cases per 10,000 is reduced to between
3.16 (-1.42 to 8.74); for students, this decreases to
2.92(0.19, 6.96); for household members, the pro-
portion decreases to 0.5 (-1.23 to 2.5). For the gen-
eral population, the excess rate would be reduced
t0 0.29 (-1.18 to 1.8). When reducing the number
of contacts by 75%, the proportion of cases can be
further reduced in all subpopulations. For teach-
ers, the excess proportion of cases per 10,000 is re-
duced to 1.25 (-2.77 to 5.16); for students, the pro-
portion decreases to 1.3 (0.05 to 3.41); for house-
hold members, to 0.22 (-1.55 to 2.08) and for the
general population, the excess rate would be re-
duced to 0.15 (-1.33 to 1.54). In general, higher
transmission, high schools, and increased relative
susceptibility of children lead to a higher number
of cumulative infections across scenarios.

Reproduction 3 modelling Cohen 2020: the study found that implementing Full opening of Positive A
number studies (Cohen countermeasures that limit transmission and de- schools with
2020; Phillips tect, trace, and quarantine cases within schools, no measuresin
2020; Rozhnova compared to reopening with no countermeasures,  place
2020) reduces the effective reproduction number to
below 1 (results presented graphically). Howev-
er, these measures were implemented alongside
classroom cohorting, symptomatic screening, test-
ing and tracing in schools, so it is not possible to
assess the effect size of the reduction of contacts
separately. The results vary according to the as-
sumptions made in the model, such as susceptibili-
ty and transmission in children.

Phillips 2020: while results are only presented in a Least intense No change/
graphical way, they imply that an alternating atten-  measure mixed ef-

dance schedule while keeping the number of stu- fects/conflicting
dents in the classroom unchanged leads to a small findings 4»
effect with regards to changes to the reproduction

number

Rozhnova 2020: based on different values for Re Full opening of Positive A
as a function of the reduction of school contactsin ~ schools with
different age groups (0 to 20-year olds), the study no measures in
varied the number of school contacts in one age place

group while keeping the number of school contacts

in the other two age groups constant. The model

predicts a maximum impact on Re from reducing

contacts of 10- to 20-year old children. The level of

community transmission is assumed to mirror the

pandemic situation in the Netherlands in Novem-

ber (R=1,95% Crl 0.94 to 1.33)

Shiftin pandem- 2 modelling Landeros 2020: implementing an alternating atten-  Least intense Positive A
ic development studies (Lan- dance schedule by creating rotating cohorts with measure
deros 2020; a weekly rotating schedule, the model predicts a
Phillips 2020) longer period of instruction (18 to 22 weeks) with
the parallel strategy compared to the previous sim-
ulation with all students attending at once (10 to 12
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weeks) until reaching the stopping rule on cumula-
tive prevalence of 5%.

Phillips 2020: the study compared different stu- Least intense No change/
dent to teacher ratios (15:1 and 8:1) and the dif- measure mixed ef-
ference between alternating and non-alternating fects/conflicting
attendance schedules in primary schools. With findings 4»

results presented in a graphical way, they imply
that an alternating attendance schedule performs
slightly better with regards to mean and median
outbreak lengths than non-alternating schedules,
however probably not in a significant way.

Outcome category: healthcare utilisation

Number or pro- 2 modelling Germann 2020: alongside measures to make con- Least intense Positive A
portion of hospi-  studies (Ger- tacts safer (face masks, hygiene, and distancing measure
talisations mann 2020; measures), the study assessed the impact of reduc-

Head 2020) ing the number of students (40%) and introduc-

ing alternating attendance schedules (weekly, 2
days). With schools opening at full capacity with

no measures in place (prepandemic scenario), the
study predicted a cumulative number of hospitali-
sations during the peak four weeks of the pandem-
ic of 1,798,188 in the USA. With community inter-
ventions in place, the number of hospitalisations in
that period is predicted to be 685,746. When imple-
menting a weekly alternating attendance schedule
while maintaining the number of students at 40%,
the number of hospitalisations would be 67,090.
Implementing a two-day alternating attendance
schedule while maintaining the number of stu-
dents at 40%, the expected number of hospitali-
sations would be 59,056. With more workplaces
open, the numbers of cases was consistently higher
across all scenarios.

Head 2020: the study predicts that strategies that Least intense Positive A
reduce contacts (by 50% and 75%) between stu- measure
dents lead to a reduction in excess hospitalisations
per 10,000 of the respective subpopulation. With
schools reopening at full capacity with no mea-
sures in place, at a moderate level of communi-

ty transmission and with children being half sus-
ceptible as compared to adults, the study predicts
an excess rate of hospitalisations per 10,000 sub-
population would be 40.5 (95% CI -46.95 to 146.64)
in teachers; 0.08 (95% CI 0.00 to 0.08) in students;
6.86 (95% Cl -14.32 t0 30.11) in household mem-
bers; and 4.2 (95% CI -7.33 to 16.32) in communi-
ty members. When reducing the number of con-
tacts by 50%, the excess hospitalisations can be
reduced across all populations. For teachers, the
excess proportion of hospitalisations per 10,000

is reduced to 8.46 (95% CI -47.39 to 91.76); for stu-
dents, this decreases to 0.03 (95% CI 0.00 to 0.03);
for household members, the proportion decreas-
es 10 2.19 (95% Cl -15.29 to 22.34). For the gener-

al population, the excess rate would be reduced

t0 0.92 (95% Cl -9.08 to 11.86). When reducing the
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number of contacts by 75%, the proportion of cas-
es can be further reduced in all subpopulations. For
teachers, the excess proportion of hospitalisations
per 10,000 is reduced to 2.14 (-47.39 to 47.85); for
students, this decreases to 0.00 (0.00 to 0.00); for
household members, the proportion decreases to
0.73 (95% CI -17.97 to 18.49). For the general pop-
ulation, the excess rate would be reduced to 0.49
(95% Cl -9.94 to 10.04). In general, higher transmis-
sion, high schools, and increased relative suscepti-
bility of children lead to a higher number of cumu-
lative infections across scenarios.

Outcome category: societal, economic and ecological outcomes

Numbers of days 3 modelling Cohen 2020: while numbers are only reported in a Full opening of No change/
spentin school studies (Cohen graphical way, reducing the number of contacts be-  schools with mixed ef-
2020; Gill 2020; tween cohorts alongside other countermeasures no measures in fects/conflicting
Phillips 2020) (non-pharmaceutical interventions; screening) pre-  place findings 4»

dictably leads to an equal percentage of school
days spent at home as if no measures would be in
place (~5% to 10%). The results vary according to
the level of community transmission, with high-
er levels of community transmission leading to a
higher percentage of school days lost.

Gill 2020: compared with schools reopening at full Full opening of Positive A
capacity with no measures in place, the study pre- schools with

dicts that strategies that reduce the contacts be- no measures in

tween students by limiting interaction to class- place

mates only ("podding"), and providing lunch in the
classroom negative impact on the number of days
spentin school in a secondary school in Pennsylva-
nia. Compared to the school operating without any
measures in place, the proportion of school days
attended in person by a typical student in a typi-
cal Pennsylvania secondary school is consistently
higher under various closure policies (0 day closure
after positive case in class; 3-day closure; 14-day
closure). The typical student in a secondary school
open full-time with measures reducing contacts
might be sent home for about 15% of possible days
due to quarantines. Even without a closing policy,
the number of days spent in school when measures
reducing contacts are implemented are reduced

by about 10% due to quarantines of the classmates
and bus mates of infected students. The size of this
effect is moderated by community incidence, with
a higher community incidence leading to a higher
number of cumulative infections across scenarios.
At 100 reported community infections per 100,000
per week, the typical student in a secondary school
open full-time with precautions (scenario B) might
be sent home for about 15% of possible days due
to quarantines.

Phillips 2020: the study results imply that introduc-  Least intense Positive A
ing an alternating attendance schedule leads to measure

less student days lost to closure. When implement-

ing an alternating attendance schedule in the 8:1
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scenario, the predicted number of student days
lost was 73.3 £ 65.7 compared to 76.0 £ 59.5. For
aratio of 15:1, the number of days lost to closure
was 264.6 + 204.9 when an alternating attendance
schedule was introduced as compared to 270.2 +
195.6 for a ratio of 15:1. These effects were moder-
ated by potential co-interventions implemented
(low versus high transmission setting), with num-
ber of student days lost to closure being consis-
tently higher in high transmission settings.

Appendix 9. Measures making contacts safer: study-by-study overview of the evidence contributing to each outcome

(modelling studies)

Intervention subcategory: making contacts safer - masks

Outcome Number of stud- Overview of effect by study
ies

Comparison Effect direc-
used in each tion per study
study (positive A;

negative ¥; no
change/mixed

effects/con-
flicting findings
<)
Outcome category: transmission-related outcomes
Number or pro- 3 modelling Espaiia 2020: with schools open at full capacity Least intense Positive A
portion of cases studies (Espafia (100% of students) with low-face-mask adherence, = measure
2020; Head 2020;  the study predicts an increase of 81.7 times the
Panovska-Grif- number of infections in the general population.
fiths 2020a) With schools reopening at full capacity with high-

face-mask adherence there would be a predict-
ed proportional increase of 3.0 times the number
of infections. With schools reopening at reduced
capacity (75% and 50% of all students) with high-

face-mask adherence there would be an increase of

1.4 and 2.6 times the number of infections for 50%
and 75% capacity, respectively.

Head 2020: at a moderate level of community,
school reopening with mandatory mask wearing
and assuming children were 50% as susceptible
to SARS-CoV-2 as adults, predicted reductions in
excess proportion of infections and symptomatic
infections among students and school staff and
teachers compared with school reopening with no
countermeasures. With schools opening at full ca-
pacity with no measures in place, at a moderate
level of community transmission, with children
assumed to be half as susceptible as adults, the

study predicts that the excess percentage of teach-

ers experiencing symptomatic illness would be

10.27% (95% C1 0.47 to 20.66) for teachers/staff and

2.98% (95% Cl 0.33 to 5.83) for students. The study
predicts that mandatory mask wearing in schools

Full opening of Positive A
schools with

no measures in

place
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when reopening, all lead to reduced percentage

of symptomatic infections among students, staff,
household members and community members.
For teachers/staff, the percentage experiencing
symptomatic illness, the magnitude of effect varied
based on model parameters, such as relative sus-
ceptibility and infectiousness of children, and ex-
tent of community transmission amid reopening.

Panovska-Griffiths 2020a: under current testing Least intense
and tracing levels (24% testing, 47% tracing) and measure
masks’ effective coverage of 30%, the predicted
second SARS-CoV-2 wave in the general popula-
tion would be less than half of the original wave

if masks were mandatory in secondary schools,

as well as used in community settings. The min-
imum testing levels necessary to avoid a second
wave, under scaled up testing, tracing, and isolat-
ing, is 8% to 11% less when masks are mandatory
in schools than if they are not, depending on the
effective coverage of masks (76% and 57% com-
pared to 68% and 46%). If masks were mandatory
in secondary schools, assuming that current trac-
ing levels of 47% continue, 68% or 46% of those
with symptomatic infection would need to be test-
ed, respectively under scenarios of 15% and 30%
mask effective coverage. If masks were not manda-
tory at secondary schools, the respective numbers
would be 76% and 57% for 15% and 30% effective
coverage of masks in the relevant community set-
tings.

Positive A

Reproduction
number

1 modelling
study (Sruthi
2020)

Sruthi 2020: mask requirements led to a reduction Full opening of

of Rin the general population of R0.01 (95% CI 0.01  schools with

to 0.01), compared to school opening with no mask  no measuresin

requirements. Compared to the no-mask require- place
ment from the prelockdown period, a mandatory

mask in public transport contributed to a reduction

of 0.0139 (95% Cl1 0.0132 to 0.0144). An additional
requirement of wearing masks in shops when a re-
quirement in public transport is already mandated

did not reduce Rt further. The combined effect of

the use of masks in public transport and at schools

is thus a reduction in Rt of 0.025 (95% CI 0.018 to

0.030).

Positive A

Number or pro-
portion of deaths

2 modelling
studies (Espafia
2020; Head 2020)

Espafia 2020: under a scenario with 100% of stu- Least intense
dents and low-face-mask adherence, the study measure
predicts an increase in the ratio of the cumulative

number of deaths in the overall population by 13.4

(959% Crl 12.8 to 14.0). Under a scenario with 100%

of students in school and high-face-mask adher-

ence, there would be a predicted decrease in the

ratio of the cumulative number of deaths in the

overall population of 1.5 (95% Crl 1.5 to 1.6). Due to

their older ages, teachers and families experienced

a much higher risk of death under scenarios with

100% of students in school and moderate or low-

face-mask adherence, as compared with a scenario

with remote instruction.

Positive A
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Head 2020: with schools opening at full capacity
with no measures in place, at a moderate level of
community transmission, with children assumed
to be half as susceptible as adults, the study pre-
dicts that the excess rate of deaths compared to
school closure would be 2.97 (95% CI 0.00 to 47.17)
for teachers/staff and 0.01 (95% CI 0.00 to 0.01) for
students. The study predicts that mandatory mask
wearing in schools when reopening all lead to re-
duced deaths among students, staff, household
members and community members. For teach-
ers/staff, the excess rate of deaths per 10,000 of the
subpopulation is reduced to 0.44 (95% CI 0.00 to
0.44). For students this decreases to 0.00 (95% Cl
0.00 to 0.00). The size of this effect is moderated
by level of community transmission, type of school
and whether children are considered half or equal-
ly susceptible as adults. In general, higher trans-
mission, high schools, and increased relative sus-
ceptibility of children lead to a higher number of
cumulative infections across scenarios.

Full opening of Positive A
schools with

no measuresin

place

Outcome category: healthcare utilisation

Number or pro- 1 modelling
portion of hospi-  study (Head
talisations 2020)

Head 2020: with schools opening at full capacity
with no measures in place, at a moderate level of
community transmission, with children assumed to
be half as susceptible as adults, the study predicts
an excess proportion of hospitalisations among
students (0.08, 95% CI 0.00 to 0.08) and school staff
and teachers (40.5, 95% CI -46.95 to 146.64). The
study predicts that mandatory mask wearing in
schools when reopening will lead to reduced hospi-
talisations among students, staff, household mem-
bers and community members. For teachers/staff,
the excess rate of hospitalisations per 10,000 of the
subpopulation is reduced to 4.2 (95% CI -47.39 to
48.09) For students this decreases to 0.07 (95% Cl
0.00 to 0.01). The size of this effect is moderated

by level of community transmission, type of school
and whether children are considered half or equal-
ly susceptible as adults. In general, higher trans-
mission, high schools, and increased relative sus-
ceptibility of children lead to a higher number of
cumulative infections across scenarios.

Full opening of Positive A
schools with

no measures in

place

Intervention subcategory: making contacts safer - cleaning

Outcome Number of stud-

ies

Overview of effect by study

Comparison Effect direc-

used in each tion per study

study (positive A;
negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Outcome category: transmission-related outcomes
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Reproduction 1 modelling Kraay 2020: compared to 8-hourly and 4-hourly Least intense Positive A
number study (Kraay surface cleaning and disinfection, hourly cleaning measure
2020) and disinfection alone could bring the fomite RO
below 1 in some office settings, particularly com-
bined with reduced shedding, but would be inad-
equate in child daycares and schools. This study
does not take into account direct transmission
through droplet spray, aerosols and hand-to-hand
contact.
Intervention subcategory: making contacts safer - handwashing
Outcome Number of stud- Overview of effect by study Comparison Effect direc-
ies used in each tion per study
study (positive A;

negative ¥; no
change/mixed
effects/con-
flicting findings
<P)

Outcome category: transmission-related outcomes

Reproduction 1 modelling
number study (Kraay
2020)

Kraay 2020: while results are only presented in a
graphical way, it predicts that handwashing (hourly
with 100% effectiveness) compared to no hand-
washing did not make a difference with regards to
the projected reproduction number from fomite
transmission.

Full reopening
of schools with
no measures in
place

No change/
mixed ef-
fects/conflicting
findings €»

Outcome category: other health outcomes

Physical health

1 observational
study (Simonsen
2020)

Simonsen 2020: this study found that 6.5% (2000
of 30,907, 95% Cl 6.2 to 6.8) of children had hand
eczema prior to school closures, 14.1% (4363 of
30,907, 95% Cl 13.7 to 14.5) of students had hand
eczema before reopening of schools on 15 April
2020. This prevalence increased to 50.5% (15,595
of 30,907, 95% Cl 49.9 to 51.0) after children re-
turned to school and the strict hand hygiene reg-
imen (handwashing for 45 to 60 seconds every 2
hours; after arrival, before and after meals, after
toilet visits, after coughing or sneezing or when-
ever hands were visibly dirty) was implemented,
which was a statistically significant increase of
36.3% (P <0001).

Full opening of
schools with
no measures in
place

Negative ¥

Intervention subcategory: making contacts safer - modification of activities

Outcome

Number of stud-

ies

Overview of effect by study

Comparison
used in each
study

Effect direc-
tion per study
(positive A;
negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Measures implemented in the school setting to contain the COVID-19 pandemic (Review)
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

155



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

(Continued)

Outcome category: transmission-related outcomes

Cochrane Database of Systematic Reviews

Reproduction 1 modelling Lazebnik 2020: keeping schools open while pre- Least intense Positive A
number study (Lazebnik venting the infection rate from increasing signifi- measure
2020) cantly is possible if schooling hours are longer (8
to 9 hours each day). The influence of this policy
in Israel during school opening on 1 September,
shows that the RO can be reduced by 0.83 in com-
parison to a policy in which children go to school
every other day for five hours. Also, if at least half
of the adult population will be in lockdown, the in-
fluence of schools on the infection rate will be rela-
tively small.
Intervention subcategory: making contacts safer - ventilation
Outcome Number of stud- Overview of effect by study Comparison Effect direc-
ies used in each tion per study
study (positive A;

negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Outcome category: transmission-related outcomes

Concentration of
aerosol particles

Curtius 2020: this study comprised an experimen-
tal design, combined with elements of modelling

1 experimental
study with mod-

containing RNA elling compo- to test the efficiency and practicability of operat-
virusintheroom  nent (Curtius ing four air purifiers equipped with HEPA filters
andinhaled dose  2020) in a high school classroom in Germany while reg-

Full opening of
schools with
no measures in
place

Positive A

of RNA virus for a
susceptible per-
son

ular classes were taking place. Using air purifiers
with an air exchange rate of 5.7 h-1 and equipped
with HEPA filters (H13 or H14), for a person spend-

ing two hours in a room with an infectious person,
the inhaled dose of particles containing RNA virus
is predicted to be reduced by a factor of six, com-
pared to a closed classroom with no air purifiers.
Other factors which need to be considered include
noise levels of the air purifiers and their mainte-
nance, such as regular cleaning.

Intervention subcategory: making contacts safer - combined measures to make contacts safer

Outcome Number of stud- Overview of effect by study Comparison Effect direc-
ies used in each tion per study
study (positive A;

negative ¥; no
change/mixed

effects/con-
flicting findings
<)

Outcome category: transmission-related outcomes

Number or pro- 4 modelling Cohen 2020: if schools open at full capacityand no  Full opening of Positive A

portion of cases studies (Cohen countermeasures in place, the cumulative infection  schools with

2020; Germann rate for individuals in schools would range between
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2020; Gill 2020; 9.5% and 24.6% for teachers and school staff and no measures in
Monod 2020) between 6.4% and 17.2% for students, depend- place
ing on the level of community transmission. Imple-
menting countermeasures such as mask wearing,
detecting, tracing, and quarantining cases within
schools alongside a reduction of contacts between
cohorts is predicted to decrease the cumulative in-
fection rates to 0.8% to 5.5% in teachers/school
staff and 0.6% to 4.1% in students. The results vary
according to the level of community transmission,
with higher levels of community transmission lead-
ing to a higher percentage of school days lost.

Germann 2020: alongside reducing the number of Least intense Positive A
students (80%, 40%) and alternating attendance measure
schedules (weekly, 2 days), the authors compare

two different degrees of intensity of measures such

as masks, hygiene and physical distancing for the

Chicago area during the peak four weeks of the

pandemic. More intense measures consistently

predicted a reduction in the number of cases: with

80%, 40% (weekly alternating schedule) and 40%

(2-day alternating schedule), the number of cases

were 527,005, 82,602 and 70,226, respectively. With

less intense measures, the number of cases would

be 660,681 (80% attendance), 134,122 (40% atten-

dance, weekly alternating attendance) and 119,614

(40% attendance, 2-day alternating attendance).

With more workplaces open, the number of cases

was consistently higher across all scenarios.

Gill 2020: compared with schools reopening at full Full opening of Positive A
capacity with no measures in place, the study pre- schools with

dicts that strategies that employ precautions such no measures in

as mask wearing and lunch in classrooms substan-  place

tially reduce total infections in the school popula-

tion. It is not possible to determine effect size due

to lack of reporting.

Monod 2020: the study compares different levels Full opening of No change/
of transmission reduction obtained through masks  schools with mixed ef-
and other non-pharmaceutical interventions (re- no measures in fects/conflicting
duction of transmission by 0 to 80%) across all 37 place findings <4»
states and metropolitan areas. Compared to a sce-

nario in which schools were closed, reopening the

school without masks or other non-pharmaceuti-

calinterventions lead to an increase in infections

in children from 0 to 11 years by 1788.5% (95% Crl

994.9% to 3401.1%). With masks and other mea-

sures leading to a reduction of transmission of

80%, the increase was 39.6% in infections in chil-

dren (95% Crl 33.5% to 49.5%). Compared to a sce-

nario in which schools were closed, infections in

the general population increased by 248.3% (95%

Crl 112.3% to 571.9%) if schools were reopened

with no measures in place. With masks and other

measures leading to a reduction of transmission of

80%, the increase was 5.6% (95% Crl 3.4% to 9.4%).
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Reproduction
number

2 modelling
studies (Cohen
2020; Phillips
2020)

Cohen 2020: the study found that implementing
countermeasures that limit transmission and de-
tect, trace, and quarantine cases within schools,
compared to reopening with no countermea-
sures, reduces the effective reproduction number
to below 1 (results presented graphically). How-
ever, these measures were implemented along-
side classroom cohorting, symptomatic screening,
testing and tracing in schools so it is not possible
to comment on the effect size of these measures
alone. The results vary according to the assump-
tions made in the model, such as susceptibility and
transmission in children.

Full opening of
schools with
no measures in
place

Positive A

Phillips 2020: the study compared high with low-
transmission settings in primary schools. With re-
sults presented in a graphical way, they imply that
the effective reproduction number is consistently
lower in a low-transmission setting.

Least intense
measure

Positive A

Number or pro-

portion of deaths

2 modelling
studies (Ger-

mann 2020; Mon-

od 2020)

Germann 2020: alongside reducing the number of
students (80%, 40%) and alternating attendance
schedules (weekly, 2 days), the authors compare
two different degrees of intensity of measures such
as masks, hygiene and physical distancing for the
Chicago area during the peak four weeks of the
pandemic. More intense measures consistently
predicted a reduction in the number of deaths:
with 80%, 40% (weekly alternating schedule) and
40% (2-day alternating schedule), the number of
cases were 787, 138 and 117 respectively. With less
intense measures, the predicted number of deaths
would be 965 (80% attendance), 220 (40% atten-
dance, weekly alternating attendance) and 185
(40% attendance, 2-day alternating attendance).
With more workplaces open, the number of deaths
was consistently higher across all scenarios.

Least intense
measure

Positive A

Monod 2020: the study compares different levels
of transmission reduction obtained through masks
and other non-pharmaceutical interventions (re-
duction of transmission by 0 to 80%) across all

37 states and metropolitan areas. When no mea-
sures were in place, the excess COVID-19 attribut-
able deaths in children aged 0 to 11 years would be
137 (65; 287). With 66% reduction in transmission,
excess COVID-19 attributable deaths in children
would be 10 (5; 17) excess deaths and with 80% re-
duction excess deaths would be 4 (2; 7).

Full opening of
schools with
no measures in
place

No change/
mixed ef-
fects/conflicting
findings €

Shift in pandem-
ic development

2 modelling
studies (Ger-
mann 2020;
Phillips 2020)

Germann 2020a: alongside reducing the number of
students (80%, 40%) and alternating attendance
schedules (weekly, 2 days), the authors compare
two different degrees of intensity of measures such
as masks, hygiene and physical distancing for the
Chicago area. More intense measures predicted
mixed effects with regards to the time to peak inci-
dence: with 80%, 40% (weekly alternating sched-
ule) and 40% attendance (2-day alternating sched-
ule), the time to peak incidence would be 129, 205

Least intense
measure

No change/
mixed ef-
fects/conflicting
findings €4»
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and 206 days, respectively. With less intense mea-
sures, the predicted number of days to peak inci-
dence would be 118 (80% attendance), 188 (40%
attendance, weekly alternating attendance) and
188 days (40% attendance, 2-day alternating at-
tendance). With more workplaces open, the effects
were also mixed. There was no difference in time to
peak incidence for the scenarios of 80% and 40%
attendance with weekly alternating attendance,
while more intense measures lead to 117 days to
peak incidence as compared to 110 with less in-
tense measures.

Germann 2020b: alongside reducing the number of  Least intense No change/
students (80%, 40%) and alternating attendance measure mixed ef-
schedules (weekly, 2 days), the authors compare fects/conflicting
two different degrees of intensity of measures such findings 4»

as masks, hygiene and physical distancing for the
Chicago area. With regards to time to peak preva-
lence, more intense measures predicted a longer
time to peak prevalence: with 80%, 40% (weekly
alternating schedule) and 40% (2-day alternating
schedule), the time to peak incidence would be
129, 205 and 206 days, respectively. With less in-
tense measures, the predicted number of days to
peak prevalence would be 122 (80% attendance),
192 (40% attendance, weekly alternating atten-
dance) and 192 days (40% attendance, 2-day alter-
nating attendance). With more workplaces open,
the effects were mixed. There was no difference in
time to peak prevalence for the scenarios of 80%
and 40% attendance with weekly alternating atten-
dance, while more intense measures lead to 119
days to peak incidence as compared to 115 with
less intense measures.

Phillips 2020: the study compared high- with low- Least intense No change/
transmission settings in primary schools. With re- measure mixed ef-

sults presented in a graphical way, they imply that fects/conflicting
the mean duration of the outbreak is shorter in findings <4»

low-transmission than high-transmission settings
in all student to teacher ratios except for the 30:1
ratio.

Outcome category: healthcare utilisation

Number or pro- 1 modelling Germann 2020: alongside reducing the number of Least intense Positive A
portion of hospi-  study (Germann students (80%, 40%) and alternating attendance measure
talisations 2020) schedules (weekly, 2 days), the authors compare

two different degrees of intensity of measures such
as masks, hygiene and physical distancing for the
Chicago area. With regards to the number of peo-
ple hospitalised, more intense measures predicted
areduction in the number of people hospitalised.
With 80%, 40% (weekly alternating schedule) and
40% (2-day alternating schedule), the number of
people hospitalised would be 14,501, 2348 and
1990, respectively. With less intense measures, the
predicted number of people hospitalised would be
18,117 (80% attendance), 3773 (40% attendance,
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weekly alternating attendance) and 3392 (40%
attendance, 2-day alternating attendance). With
more workplaces open, the predicted number of
hospitalised persons was consistently higher.

Outcome category: societal, economic and ecological outcomes

Numbers of days
spentin school

2 modelling
studies (Gill
2020; Phillips
2020)

Gill 2020: compared with schools reopening at full
capacity with no measures in place, the study pre-
dicts that at very low community infection rates (10
reported infections per 100,000 population over
the last 7 days), most students can expect to attend
nearly every day, even in schools operating full-
time, as long as schools implement precautions
such as mask wearing. It is not possible to disag-
gregate effects or determine effect size due to co-
interventions and lack of reporting.

Full opening of
schools with
no measures in
place

Positive A

Phillips 2020: the study compared high- with low-
transmission settings in primary schools. Except
for a ratio of 30:1, the number of student days lost
to closure was consistently higher in low-trans-
mission settings. The predicted number of student
days lost was 76.0 + 59.5 for a ratio of 8:1,270.2 +
195.6 for a ratio of 15:1 and 1157.7 + 684.3 for a ra-
tio of 30:1 in a low-transmission setting while it was
111.2+72.8;389.9£202.0 and 1093.9 + 396.1 for a
high-transmission setting.

Least intense
measure

No change/
mixed ef-
fects/conflicting
findings €»

Appendix 10. Measures making contacts safer: study-by-study overview of the evidence contributing to each
outcome (observational/experimental studies)

Outcome

Number of stud-
ies

Overview of effect by study

Comparison
used in each
study

Effect direc-
tion per study
(positive A;
negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Outcome category: transmission-related outcomes

Number or pro-
portion of cases

2 observation-
al/experimental
study (Isphord-
ing 2020; Vlachos
2020)

Isphording 2020: compared to school closures,
three weeks after school openings, cases per
100,000 people decreased by 0.55 or 27% of a SD
within the experimental group where co-interven-
tions included mask wearing, hand-hygiene pol-
icy, respiratory etiquette, general physical dis-
tancing policy, modification of activities and ex-
emption of high-risk students. These were imple-
mented alongside testing and quarantine and co-
horting measures. The effect is strongest in the
youngest age group of 0 to 14 year-old cases where

School closure

Positive A
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the end of summer break is associated with a sig-
nificant reduction in cases per 100,000 population
of about 1.4 cases after 3 weeks for individuals up
to 14 years (42% of a SD). Reductions for older age
groups are smaller and insignificant: 0.82 cases in
the group of 15 to 34 years (21% of a SD) and 0.43
cases in the group of 35 to 59 years (16% of a SD).
The more vulnerable population of 60+ years ap-
pears to be unaffected by the school openings. Lev-
els of community transmission were relatively low
at the time point at which schools were reopened,
while compliance and agreement with social dis-
tance measures decreased strongly. It was not pos-
sible to disaggregate the effect of co-interventions.

Vlachos 2020: among parents, exposure to open School closure
rather than closed schools resulted in a small in-
crease in PCR-confirmed infections (odds ratio (OR)
1.17,95% Cl 1.03 to 1.32). Among lower secondary
teachers the infection rate doubled relative to up-
per secondary teachers (OR 2.01, 95% Cl 1.52 to
2.67). This spilled over to the partners of lower sec-
ondary teachers who had a higher infection rate
than their upper secondary counterparts (OR 1.29,
95% CI 1.00 to 1.67). When analysing COVID-19 di-
agnoses from healthcare visits and the incidence
of severe health outcomes, results are similar for
teachers but weaker for parents and teachers’ part-
ners. The results for parents indicate that keeping
lower secondary schools open had minor conse-
quences for the overall transmission of SARS-CoV-2
in society. The results for teachers suggest that
measures to protect teachers could be considered.

Negative ¥

Appendix 11. Surveillance and response measures - mass testing and isolation: study-by-study overview of the
evidence contributing to each outcome (modelling studies)

Outcome

Number of stud-
ies

Overview of effect by study

Comparison
used in each
study

Effect direc-
tion per study
(positive A;
negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Outcome category:

transmission-related outcomes

Number or pro-
portion of cases

7 modelling
studies (Cohen
2020; Di Domeni-
€0 2020a; Head
2020; Lyng 2020;
Panovska-Grif-
fiths 2020a;

Cohen 2020: in the absence of any countermea-
sures in schools, 6% to 25% of teaching and non-
teaching staff and 4% to 20% of students would
be infected with COVID in the first three months of
school, depending upon the case detection rate.
Implementing countermeasures that limit trans-
mission and detect, trace, and quarantine cases
within schools would lead to reductions in the cu-

Full opening of
schools with
no measures in
place

Positive A
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Tupper 2020;
Williams 2020)

mulative SARS-CoV-2 infection rate among stu-
dents, teachers, and staff over 14-fold. Surveillance
measures were implemented alongside classroom
cohorting, face masks, physical distancing, and
handwashing protocols in schools, so it is not pos-
sible to comment on the impact of these measures
alone.

Di Domenico 2020a: the authors provide no effect Full opening of
estimates for testing, tracing and isolation, but schools with
provide results in a graphical way for both assump-  no measuresin
tions (25% and 50% case isolation through a 90% place
reduction of their contacts, simulating the result

of rapid and efficient tracing and testing of cases).

A sensitivity analysis performed indicates that a

25% case isolation compared to a 50% case iso-

lation leads to a reduction in the daily number of

new clinical cases under moderate social-distanc-

ing interventions in all scenarios, except for the

100% reopening with no measures in place. Ad-

ditionally, the effect is moderated by the relative

transmissibility of pre-school and primary school

children: in scenarios with lower transmissibility

in these younger children, fewer cases occur with

each measure in place.

Positive A

Head 2020: when faculty and/or students are test- Single interven-
ed (85% sensitivity, 100% specificity) on a weekly tion component
or monthly basis, with positive cases isolated, and
their class quarantined for 14 days, the study pre-
dicted that in the absence of other interventions,
testing and isolation/quarantine strategies have
low effectiveness. When combined with strict so-
cial-distancing measures, a modest reduction in
community cases is possible as infectious individ-
uals and their contacts identified in the school en-
vironment are quarantined (i.e. have their commu-
nity contacts reduced by 75% for 14 days). The ex-
cess proportion of infections in teachers when only
testing is employed is 37.77 (95% Cl 10.64 to 53.31)
compared to a scenario in which testing is com-
bined with cohorting and mask wearing 1.45 (95%
Cl-2.36 t0 5.69), compared to students where it is
52.07 (16.82 t0 69.12) and 3.18 (95% Cl 0.2 to 7.16),
respectively. The excess proportion of infections in
the community is 1.01 (95% CI -0.78 to 2.97). The
effect sizes are moderated by the model parame-
ters such as relative susceptibility and infectious-
ness of children, and extent of community trans-
mission amid reopening. For weekly versus month-
ly testing, results are presented only in graphical
form, but indicate that there would be a higher pro-
portion of students with symptomatic infection
with a monthly testing strategy than with a weekly
testing strategy.

Positive A

Lyng 2020: at sensitivities of 98%, the models pre- Least intense
dict that a 2-day delay in results will resultin ajust ~ measure

a 59% reduction in infections experienced at a 14-

day testing frequency. As the testing frequency

Positive A
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isincreased, the number of missed infections re-
duces rapidly by >99% from no testing at all to a
daily testing frequency, even with the 2-day delay.
Increasing testing frequency was associated with

a non-linear positive effect on cases averted over
100 days. While precise reductions in cumulative
number of infections depended on community dis-
ease prevalence, testing every 3 days versus every
14 days (even with a lower sensitivity test) reduces
the disease burden substantially.

Panovska-Griffiths 2020a: the study suggests that
it might be possible to avoid a second pandemic
wave if enough people with symptomatic infection
can be tested, and contacts of those diagnosed can
be traced and effectively isolated. Assuming 68% of
contacts could be traced, the study estimates that
75% of those with symptomatic infection would
need to be tested and isolated if schools return full
time in September, or 65% if a part-time rota sys-
tem were used. If only 40% of contacts could be
traced, these figures would increase to 87% and
75%, respectively.

Least intense
measure

Positive A

Tupper 2020: in all scenarios, if individuals have
not already been identified through the relevant
protocol, transmission stops when symptoms be-
gin, as symptomatic individuals do not attend (or
they leave when symptoms arise). In scenario 4,
the mean cluster size was reduced from 11.9 to
6.5 in the asymptomatic case, whereas the group
and two group protocols reduce it to 8.3 and 7.5
students, respectively. Over all the scenarios, the
whole class protocol reduced cluster sizes roughly
in half, with the contact and two-group protocols
performing slightly worse.

Least intense
measure

Positive A

Williams 2020: isolating household members of in-
dividuals who experience symptoms is estimat-

ing to avert 2.22 times more symptomatic cases
than not isolating them. The multiplicative effect is
slightly higher for surveillance/test/quarantine sce-
narios and highest for cluster sampling on schools,
where 3.37 times more symptomatic cases are
averted by isolating household members.

Least intense
measure

Positive A

Reproduction
number

1 modelling
study (Panovs-
ka-Griffiths
2020a)

Panovska-Griffiths 2020a: across two scenarios of
school reopening and different tracing levels, the
test-trace-isolate strategy would need to test a suf-
ficiently large proportion of the population with
COVID-19 symptomatic infection and trace their
contacts with sufficiently large coverage, for R to
diminish below 1.

Least intense
measure

Positive A

Number or pro-

portion of deaths

Head 2020: the excess proportion of deaths in
teachers when only testing is employed is 8.12
(95% C1 0.00 to 47.85), compared to 0 for students
and 0.5 (95% CI -2.72 to 3.68) in the community.
The effect sizes are moderated by the model pa-

2 modelling
studies (Head
2020; Panovs-
ka-Griffiths
2020a)

rameters, such as relative susceptibility and infec-

Full opening of
schools with
no measures in
place

Positive A
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tiousness of children, and extent of community
transmission amid reopening.

Panovska-Griffiths 2020a: while results are only Least intense Positive A
presented in a graphical way, they imply that more ~ measure

intense test, trace, and isolate strategies would

lead to lower death rates than less intense strate-

gies.

Shiftin pandem- 4 model- Landeros 2020: the study found that reopening Full opening of Positive A
ic development ling studies with a surveillance programme in place may pro- schools with
(Landeros vide 10 to 12 weeks of continuous instruction with no measures in
2020; Panovs- low-infection risk. Infections after closing are dri- place
ka-Griffiths ven by a lack of interventions outside of school;
2020a; Panovs- testing and isolation in this context can curtail this
ka-Griffiths growth. In general, the results support the impor-
2020a (Preprint); Wiltamae of testing and complete school closure in
2020) preventing a major disease outbreak after reopen-
ing. Overall, this model also shows that reduction
of class density and the implementation of rapid
viral testing, even with imperfect detection, have
greater impact than moderate measures for trans-
mission mitigation.

Panovska-Griffiths 2020a: the time point at which Least intense Positive A
R diminishes depends on the degree to which the measure

test-trace-isolate strategy had been implemented

and the combination of testing and tracing.

Panovska-Griffiths 2020a: test-trace-isolate mod- Least intense Positive A
els, combined with mask wearing in the communi-  measure
ty and secondary schools were modelled. Results

suggest that there is a greater benefit of mandato-

ry masks in secondary schools if the effective cov-

erage of masks is high (30%). Under current test-

ing and tracing levels (24% testing, 47% tracing)

and masks’ effective coverage of 30%, the predict-

ed second COVID-19 wave would be less than half

of the original wave if masks were mandatory in

secondary schools, as well as used in community

settings. The minimum testing levels necessary to

avoid a second wave, under scaled up test-trace-

isolate strategies is 8% to 11% less when masks are

mandatory in schools than if they are not, depend-

ing on the effective coverage of masks. The simu-

lations suggest that the time point at which R di-

minishes depends on the degree to which the test-
trace-isolate strategy had been implemented and

the combination of testing and tracing.

Williams 2020: isolation of symptomatic, asympto-  Least intense Positive A
matic individuals, and their household members measure

can delay the peak prevalence. As with numbers

of cases, the largest delays in peak prevalence oc-

cur when household members are isolated along

with symptomatic and known asymptomatic cases.

When all known infected cases and their household

members are isolated, this delays the peak preva-

lence by 74 days.
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Outcome category: healthcare utilisation

Number or pro-
portion of hospi-
talizations

1 modelling
study (Head
2020)

Head 2020: reopening schools with a weekly or Full opening of

monthly testing strategy for teachers and students  schools with

would lead to a higher number of hospitalisations no measures in

than reopening under strategies to reduce con- place
tacts, such as stable cohorts or alternating atten-

dance. The excess proportion of hospitalisations in
teachers when only testing is employed is 162.47

(95% C1 0.00 to 588.24), compared to students 0.58

(95% C1 0.00 to 15.27), and the community 3.68

(959% CI -7.27 to 15.54). The effect sizes are moder-

ated by the model parameters, such as relative sus-
ceptibility and infectiousness of children, and ex-

tent of community transmission amid reopening.

Positive A

Outcome category: societal, economic and ecological outcomes

Numbers of days
spentin school

1 modelling
study (Gill 2020)

Gill 2020: in the absence of a school closure poli- Least intense
¢y, quarantine of classmates and bus mates of in- measure
fected students are likely to reduce in-person at-
tendance for the typical student by about 10% in a
school open full-time with precautions. High-com-
munity infection rates were predicted to be more
disruptive to schools operating full-time in person
than to schools using hybrid approaches. Even at
100 reported community infections per 100,000
per week, the typical student in a hybrid secondary
school can expect to miss only a very few days due
to quarantine, while the typical student in a sec-
ondary school open full-time with precautions
might be sent home for about 15% of possible days
due to quarantine. Delays in testing would have
large effects in schools implementing no precau-
tions: as testing turnaround time increases from
zero to 10 days. Policies that close the school (for 3
days or 14 days) when infections are detected sub-
stantially reduce the total number of days that stu-
dents can attend in person. These effects are larger
in schools operating full-time than in schools using
hybrid approaches because schools using hybrid
approaches experience fewer infections that lead
to quarantines or closures. In secondary schools
where students attend daily, and the community
infection rate is at a moderate level (50 per 100,000
per week), closing the school for 14 days for each
detected infection would be highly disruptive, such
that the typical student would be able to attend
only about half of all school days.

Negative ¥

Resources

3 modelling
studies (Camp-
bell 2020b; Lyng
2020; Williams
2020)

Campbell 2020b: the study predicts that univer- Least intense
sal testing for at-risk populations would cost CAD measure

1.3 billion for each round of testing. The status

quo testing approach from 8 to 17 July 2020 was

predicted to require 41,751 tests per day and re-

quired 755 nurses, 213 nursing assistants, 172 oth-

er healthcare professionals, 3261 clerical and non-

clinical staff, and 721 laboratory staff (5122 per-

sonnel total). Testing of at-risk groups, in particu-

lar testing all 6,012,144 students and employees

Negative ¥
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in primary and secondary schools over 1.5 months
would require an added 20,956 healthcare profes-
sionals, 22,950 clerical staff and 2462 laboratory
staff, costing CAD 816.0 million. A strategy of active-
ly testing large population groups who are at in-
creased risk of acquiring SARS-CoV-2 is feasible and
affordable in Canada.

Lyng 2020: frequent testing strategies can reduce
the rate of new infections compared to scenarios
where there is no testing at all. A 98% sensitive test
with no delay in results administered every 3 days
with pooling, and no confirmatory test offered by
the institution costs less than USD 1.50 per person
per day, with high performance. The model demon-
strates that frequency of testing, test sensitivity,
turn-around time, and the external community
prevalence are all important factors to consider,
and there is often more than one testing strategy to
achieve the desired level of performance.

Least intense
measure

Positive A

Williams 2020: if household members of symp-
tomatic cases are also isolated (without testing
them), a much lower eight tests are required to
avert each one symptomatic case. Moving to the
symptomatic testing and quarantine (STQ) scenar-
ios, using simple random sampling and isolating
only the cases that test positive with STQ, results
in 145 tests required to avert one symptomatic
case. This decreases to a low of 16 tests to avert
one symptomatic case for pooled sampling of 5-
person pools and seven tests for pooled sampling
of 5-person pools if household members are also
isolated. Notably, the STQ scenario of pooled sam-
pling of 5-person pools is slightly more efficient
than the current status quo of testing and isolating
symptomatic cases. All other STQ scenarios are less
efficient than the status quo. However, instituting
even these less efficient STQ scenarios is likely to
avert a substantial number of cases (as described
above) and could be more cost-effective than the
emergency room visits, long-term care, lost labour,
and other economic costs of symptomatic cases
and deaths.

Least intense
measure

No change/
mixed ef-
fects/conflicting
findings 4»

Appendix 12. Surveillance and response measures - mass testing and isolation: study-by-study overview of the

evidence contributing to each outcome (observational/experimental studies)

Outcome Number of stud- Overview of effect by study

ies

Comparison
used in each
study

Effect direc-
tion per study
(positive A;
negative ¥; no
change/mixed
effects/con-
flicting findings
<)
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Outcome category: transmission outcomes

Number of cases 1 observational Hoehl 2020: the study aims to evaluate the prac- Least intense
detected screening study tical application of self-performed high-frequen- measure
(Hoehl 2020) cy antigen tests in a school setting. 10,768 of these

tests (99.4%) were recorded to have been valid and
113 negative, 47 (0.43%) were recorded as invalid
and 21 (0.19%) as positive (either true or false).
The study found that 0.15% of all antigen tests (16
tests) gave false-positive results. False-positive re-
sults were seen predominantly when the local in-
cidence in the general population was low. In four
cases, the study participant reported that a PCR
had detected a SARS-CoV-2 infection, but the anti-
gen test was negative, indicating a false negative.
No asymptomatic infection was detected in this
study.

Negative ¥

Appendix 13. Surveillance and response measures - symptom-based screening and quarantine: study-by-study

overview of the evidence contributing to each outcome (modelling studies)

Outcome Number of stud- Overview of effect by study Comparison
ies used in each
study

Effect direc-
tion per study
(positive A;
negative ¥; no
change/mixed

effects/con-
flicting findings
<)
Outcome category: transmission-related outcomes
Number or pro- 2 model- Bershteyn 2020: policies include daily symptom Full opening of Positive A
portion of cases ling studies screening, and monthly or weekly testing of 10%, schools with
(Bershteyn 2020;  20%, or 100% of attendees, with testing occurring no measures in
Burns A 2020) either on the most optimal day (the first week day place

of a 5-day work week, which is Monday for USA
public schools) or the least optimal day (the last
week day of a 5-day week, which is Friday for USA
public schools). Compared to no testing or isola-
tion, a policy requiring index cases to self-isolate

if they develop symptoms, in-school transmission
is predicted to occur during presymptomatic infec-
tion (days 1 through 4) and asymptomatic infec-
tion (26% to 39% of index cases). In the absence

of additional testing for asymptomatic individu-
als, this policy predictably reduced transmission
by 34.8% to 41.8% relative to noisolation. The im-
pact of weekly testing varied according to the day
of the week in which testing was deployed, due to
the lack of in-school transmission over the two-
day weekend. The first week day (Monday) was the
most optimal day for testing, while the last week-
day (Friday) was the least optimal. Testing on Mon-
day averted 27.1% to 34.0% more infections than
testing on Friday, and could reduce transmission
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by 61.8% to 64.2% without symptom-based isola-
tion. The most effective testing and isolation strat-
egy used a combination of testing 100% of atten-
dees on the first week day together with symp-
tom screening and isolation of all those who are
symptomatic, for an overall transmission reduction
of 68.6% to 71.1% relative to no testing or symp-
tom-based screening.

Burns A 2020: in the baseline scenario of no inter- Full opening of Positive A
vention, the study predicted a median attack rate schools with
of 0.79 (IQR 0.56 t0 0.9). The estimated attack rates  no measures in
were 0.79 (IQR 0.56 t0 0.9), 0.71 (IQR 0.43 to 0.86), place

and 0.72 (IQR 0.43 t0 0.86) at 1 and 2 days of iso-

lation following fever in the scenario of 50% fever

detection. The effects varied according to the rate

of detecting fever. Applying an 88% detection rate

compared to a 50% detection rate, implementing

a one fever-free day predicts an 8% reduction in

the attack rate. At this higher rate of symptom de-

tection, increasing the isolation to 6 days predicts

a 15% reduction in the median attack rate to 0.43

(0.03 to 0.82) compared to no policy.

Shiftin pandem- 1 modelling Burns A 2020: with no policy in place, the peak Full opening of Positive A
ic development study (Burns A number of infected people is assumed to be 148 schools with
2020) (IQR 82 to 213) and the interval between the first no measures in

and last day with at least two cases would be 139 place

(IQR 120 to 154). Implementing a policy of two

days of home isolation following the last episode

of fever predicted a reduction in all outcome cate-

gories: peak number of infected people is predict-

ed to sink to 124 (IQR 58 to 184). The interval be-

tween the first and last day with at least two cas-

es would increase to 145 (IQR 127 to 157). The ef-

fects varied according to the rate of detecting fever.

If the rate of detecting fever is a higher rate of 88%,

implementing a 1 fever-free day achieves a 20% re-

duction in the peak concurrently infected and a 7-

day increase in the interval between the first and

last day with at least two cases.

Appendix 14. Multicomponent measures: study-by-study overview of the evidence contributing to each outcome
(modelling studies)

Outcome Number of stud- Overview of effect by study Comparison Effect direc-
ies used in each tion per study
study (positive A;

negative ¥; no
change/mixed

effects/con-
flicting findings
<)
Outcome category: transmission-related outcomes
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Number or pro- 1 modelling Naimark 2020: the study assesses the effect of mul-  School closure Negative ¥
portion of cases study (Naimark tiple interventions on the cumulative number of
2020) confirmed COVID-19 cases after 2 months. The

measures are: i) reducing the number of students
(primary and elementary class sizes were capped
at 23, and high school classes were capped at 15
students); ii) reduction of contacts (students re-
mained in their assigned classrooms for the school
day rather than moving among classrooms); iii)
universal masking; iv) alternating attendance
schedules in high schools; and v) if more than two
confirmed cases of COVID-19 occurred in a daycare
or classroom less than two weeks apart, the day-
care or classroom was closed for 14 days with the
children in the class excluded from school rather
than moved to another classroom. These measures
were implemented alongside community-based in-
terventions. With no community-based interven-
tions being implemented, the cumulative num-
ber of confirmed COVID-19 cases after 2 months
with schools opening without co-interventions in
place would be 82,379 if schools are closed and
86,507 when schools are open. With communi-
ty-based interventions being implemented, the
cumulative number of confirmed COVID-19 cases
after 2 months with schools opening without co-
interventions in place would be 45,112 if schools
are closed and 45,068 when schools are open. The
study found a large impact of co-interventions: The
mean difference in cumulative COVID-19 cases by
31 October 2020, for the scenarios in which com-
munity-based co-interventions were not imple-
mented versus scenarios in which they were imple-
mented was 39,355 cases. In contrast, the mean
difference in cumulative COVID-19 cases for the
scenarios in which schools were reopened versus
scenarios in which they were not was 2040 cases.

Appendix 15. Multicomponent measures: study-by-study overview of the evidence contributing to each outcome
(observational/experimental studies)

Outcome Number of stud- Overview of effect by study Comparison Effect direc-
ies used in each tion per study
study (positive A;

negative ¥; no
change/mixed
effects/con-
flicting findings
<)

Outcome category: transmission-related outcomes

2 observation-
al/experimental
studies (Isphord-

Number or pro-
portion of cases

Isphording 2020: compared to school closures,
three weeks after school openings, cases per
100,000 people decreased by 0.55 or 27% of a SD
within the experimental group where co-interven-

School closure

Positive A
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(Continued)

ing 2020; Vlachos  tions included mask wearing, hand-hygiene pol-

2020) icy, respiratory etiquette, general physical dis-
tancing policy, modification of activities and ex-
emption of high-risk students. These were imple-
mented alongside testing and quarantine and co-
horting measures. The effect is strongest in the
youngest age group of 0 to 14-year-old cases where
the end of summer break is associated with a sig-
nificant reduction in cases per 100,000 population
of about 1.4 cases after 3 weeks for individuals up
to 14 years (42% of a SD). Reductions for older age
groups are smaller and insignificant: 0.82 cases in
the group of 15 to 34 years (21% of a SD) and 0.43
cases in the group of 35 to 59 years (16% of a SD).
The more vulnerable population of 60+ years ap-
pears to be unaffected by school openings. Levels
of community transmission were relatively low at
the time point at which schools were reopened,
while compliance and agreement with social dis-
tance measures decreased strongly. It was not pos-
sible to disaggregate the effect of co-interventions.

Vlachos 2020: among parents, exposure to open School closure Negative ¥
rather than closed schools resulted in a small in-
crease in PCR-confirmed infections (odds ratio (OR)
1.17,95% Cl 1.03 to 1.32]. Among lower secondary
teachers the infection rate doubled relative to up-
per secondary teachers (OR 2.01, 95% Cl 1.52 to
2.67). This spilled over to the partners of lower sec-
ondary teachers who had a higher infection rate
than their upper secondary counterparts (OR 1.29,
95% C1 1.00 to 1.67). When analysing COVID-19 di-
agnoses from healthcare visits and the incidence
of severe health outcomes, results are similar for
teachers but weaker for parents and teachers’ part-
ners. The results for parents indicate that keeping
lower secondary schools open had minor conse-
quences for the overall transmission of SARS-CoV-2
in society. The results for teachers suggest that
measures to protect teachers could be considered.
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